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Dear Mr. Hardegree:

On behalf of Bluestone Coke, LLC (Bluestone Coke), Terracon Consultants, Inc. (Terracon) is
pleased to submit the enclosed revisions to the Corrective Measures Study SMA 3– Coke
Manufacturing Plant (Revision 1.0) for the above-referenced site.  These revisions have been
prepared in response to EPA Global Final Comments Applicable to All CMS Reports from the
United States Environmental Protection Agency (USEPA) Region 4 dated 8/21/2015 and the Final
Comments on Corrective Measures Study for SMA 3 – Coke Manufacturing Plant from the
USEPA Region 4 dated 5/7/2021. The individual comments and responses are provided below.

EPA Global Final Comments

USEPA Comment No. 1

SMA 1 was revised based on comments made on 11/19/13.  As needed, please update any of
the other CMS Reports that were not generated with input from EPA’s first review of SMA 1.

Bluestone Coke Response No. 1

This comment was addressed during the preparation of the CMS for SMA 3.
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USEPA Comment No. 2

EPA identified several key miscalculations in computing human health risk estimates.  As a result,
risk estimates in the CMS Reports are underestimated.  Specific information on these
miscalculations is provided in the specific comments for each CMS Report.  Miscalculations of
potential cancer risk and non-cancer effects associated with the contaminants at the facility are
particularly significant as it relates to developing the remedial goal options for the site.

Also, several exposure parameters for the chemicals of potential concern have changed since
the risk assessment was conducted in September 2014.  The Regional Screening Levels (RSLs)
have also been updated approximately two times.  In light of those changes, please review the
RSL website (USEPA, 2015a) and re-screen all Contaminant of Potential Concerns (COPCs) that
have updated screening values.  Therefore, some of the risk-based Preliminary Cleanup
Standards (PCSs) presented in the reports are no longer valid.  The CMS Reports need to perform
a recalculation of site risks, hazards and RGs in accordance with current EPA guidance to ensure
that remedial goals are protective of human health.

Bluestone Coke Response No. 2

The calculations in the Risk Assessment were updated with current guidance and updated
exposure parameters.

USEPA Comment No. 3

Several of the CMS Reports include proposals for additional sampling.  Without the results from
some of the proposed additional sampling, no determination can be made as to if or what the final
remedy should be.  Hence, it is not clear how a Statement of Basis can be completed now.  It
appears that some (all?) sampling cannot wait until implementation of the remedy.  In short, if
there are still some questions remaining to be filled before final remedy recommendations can be
made in the CMS, then they need to be filled before EPA can select a remedy.

Rather than submitting 5 individual SMA specific sampling plans, it probably makes more sense
to have all of the additional sampling grouped together into a single Field Sampling Plan.  In
addition to a Field Sampling Plan, a Quality Assurance Project Plan (QAPP) covering the
proposed sampling will be needed.  To help in preparing the QAPP, please see the attached
Region 4 QAPP Review Checklist.

Bluestone Coke Response No. 3

A Field Sampling and Analysis Work Plan (Revision 1.0) dated October 9, 2015, a Quality
Assurance Project Plan (Revision 1.0) dated October 9, 2015, and a Field Sampling and Analysis
Work Plan Addendum (Revision 1.0) dated October 19, 2015 were approved by EPA in a letter

JSMITH1
Highlight
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dated October 22, 2015.  The additional sampling conducted under the approved Work Plan and
addendum satisfies the requirements of this comment. The groundwater data collected from SMA
3 in January of 2016 were added to the SMA 3 analytical database, and those results were also
used as part of this CMS revision.

USEPA Comment No. 4

E.g., SMA 5:  Executive Summary, page ii, last paragraph; Section 3.1, page 3-1:  What is
the remediation trigger used to determine if the risks are such that cleanup standards need to be
calculated?   The CMS Reports state “acceptable risk levels...can range from 10-4 to 10-6 as long
as the hazard index (HI) is less than 1.” Maybe the sentence should read something like: “...can
range from 10-4 to 10-6 as long as the cumulative excess lifetime carcinogen site risk is less than
10-4 and the noncancer hazard index (HI) for the site is less than 1.”  Even this rewrite is a little
misleading since the Bluestone Coke risk assessment does not actually calculate a total site risk
across all media.  See Comments 17 and 18.

Bluestone Coke Response No. 4

This paragraph has been revised to better explain the trigger.

Introductions

USEPA Comment No. 5

E.g., SMA 5, Section 1.1, page 1-3:  The report makes reference to an Environmental Indicator
memo dated 9/30/05, and mentions that the CA725/750 Environmental Indicator status is
YES/NO.  EPA issued another Environmental Indicator memo on 3/16/12.   The current EI status,
made on 3/16/12, is actually NO/NO (see the following webpage:
http://oaspub.epa.gov/enviro/rcra_profile.getmain?p_handler_id=ALD000828848).

Bluestone Coke Response No. 5

This has been revised.

USEPA Comment No. 6

E.g., SMA 5, Section 1.2, pages 1-3 and 1-4:  The reports might want to update the CMS
submission history (e.g., CMS SMA 1 has had two submissions).

Bluestone Coke Response No. 6

The Section has been updated.
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USEPA Comment No. 7

E.g., SMA 3, Table 3-5/Table B8.5; SMA 4, Table 3-7/Table B5.15: In the forward-calculation
method, which is used to generate the risks listed in Table 3-4, the risk is calculated from a
receptor point’s representative concentrations and receptor input parameters (i.e., equation
solved for risk level).  To generate the PCSs listed in Table 3-5, a back-calculation method is used
where the user specifies target risks and then calculates the PCS (i.e., equation solved for media
concentration to generate preliminary cleanup standard).  EPA has some questions regarding
these calculations:

a. E.g., SMA 3 and SMA 4:  Since the PCS calculation uses standard assumptions, why are
the PCSs for the same constituents different between SMA 3 and SMA 4?  The difference
in PCS calculation seems to enter in with the calculation of the inhalation of a chemical
while showering (i.e., SMA 4, Table B5.15; SMA 3 Table B8.5).  Is the difference seen in
the PCSs for SMAs 3 and 4 due to inclusion of site-specific inhalation data or some other
differing approach to inhalation?

b. E.g., SMA 1, Table 3-10; SMA 2, Table 3-8; SMA 3, Table 3-3:  Why is the PCS listed
for arsenic different between SMA 1 (Table 3-10), SMA 2 (Table 3-8), and SMA 3 (Table
3-3)?  Why are the PCSs listed in SMA 1 (Table 3-10) for Benzo(a)anthracene,
Benzo(a)pyrene, Benzo(b)fluoranthene, Dibenzo(a,h)anthracene and Indo(1,2,3-
cd)pyrene different from the PCSs listed for these same constituents in the other SMAs?

c. E.g., SMA 3 and SMA 4:  The groundwater PCSs for overlapping constituents at SMAs 3
and 4 seem to be different (e.g., benzene at SMA 3 is 7.5 ppb (cancer) and 62 ppb
(noncancer) while benzene at SMA 4 is 14.9 ppb (cancer) and 122 ppb (noncancer));
however, this difference is slight and may be due to minor changes in toxicity values or
standard exposure assumptions.  Please check.

Editorial Comment:  The codes listed in the keys for Tables like SMA 4, Table B5.14 should be
the same as the codes used in the formulas presented in the Risk Assessment (Section 2.0.).
For example, Kp and PC are both used to denote the chemical dermal permeability coefficient in
water.  CSF and ADI are both used to denote the carcinogenic slope factor.

Bluestone Coke Response No. 7

The information has been updated.

USEPA Comment No. 8

E.g., SMA 3, Section 2.2, page 2-2:  The CMS Report for SMA 3 states that “In addition to RSLs
based on protectiveness of human health, soil screening levels (SSLs) that describe the potential
for chemicals in soil to leach to groundwater were also utilized for COPC selection. Site-specific
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SSLs for the protection of groundwater have been calculated, based on site-specific components,
and are found in Appendix G of Phase III RCRA Facility Investigation (RFI) Report (Arcadis and
CH2M Hill, 2009).  However, this CMS nor any of the other CMS Reports ever mentions leaching
again, and the reports do not factor leachability into the remedial alternatives.  Also see Comment
20.

Bluestone Coke Response No. 8

Section 2.3 has been added to discuss the SSLs described in the Phase III RFI. Leachability will
be factored into the CMS during the Response to Question 20.

Risk Assessment

USEPA Comment No. 9

E.g., SMA 5, Section 3.3.1, page 3-3: EPA has recently updated its Standard Default Exposure
Factors (USEPA, 2014c) to reduce variability and uncertainty in the exposure assumptions for
human health risk assessments.  Since this risk assessment was completed after the release of
this directive, the author should revise using the new directive.

Regarding Section 3.1, page 3-1, several EPA guidance documents referenced are outdated.
Please revise this section to reflect that the following documents changes:

USEPA Exposure Factors Handbook (USEPA, 2011)
USEPA Regional Screening Levels (USEPA, 2015a)

The reference list also does not contain EPA Region 4 Human Health Risk Assessment guidance.
Please add this document to your reference list.  Region 4 Human Health Risk Assessment
Supplemental Guidance (USEPA, 2014b).

Bluestone Coke Response No. 9

The SMA 3 HHRA has been revised utilizing the above-referenced EPA documents, as well as
the EPA’s OSWER Directive (2014) related to standard default exposure parameters.

USEPA Comment No. 10

E.g., SMA 1, Table B6.6a:  Any CMS Reports that do not already segregate noncancer risk by
target organ, as is done in Table B6.6a of SMA 1’s CMS Report, need to be revised to perform
this task.
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Bluestone Coke Response No. 10

Hazard Indices that exceed 1.0 are further evaluated by segregating individual chemical hazard
quotients by target organ/system in the SMA 3 HHRA.

Identification and Development of Preliminary Cleanup Standards and General Response
Actions

USEPA Comment No. 11

E.g., SMA 4, Table 3-1, page 3-2: The CMS Reports define the interval of “soil” differently based
on the data collected and receptors and pathways evaluated.  More importantly, the term “soil”
can refer to surface soil, of varying intervals (e.g., 0 to 1 ft, 0 to 0.5 ft), or subsurface soil, also of
varying intervals (0 to 15 ft, 1 to 15 ft).  To add some clarity to the exact interval being discussed,
whenever the term “soil” is used in the report or its tables, it might be best to always qualify the
terms “surface soil” and “subsurface soil” with an interval to indicate how it is being used in the
particular report (e.g., surface soil (0 to 1 ft), subsurface soil (0 to 15 ft).  Would use the term “soil”
with just the addition of the actual sampled interval, and without the surface vs subsurface
qualifier, be best?

Bluestone Coke Response No. 11

The soil intervals have been changed in the CMS for SMA 3.  Surficial soil (0 – 1 foot) was not
collected in SMA 3. All other SMA 3 soil samples were from the subsurface soil and range from
0.5-15 feet.

USEPA Comment No. 12

E.g., SMA 3, Section 3.2.1, page 3-8: This section’s objective is to compare the soil
contamination to the PCSs.  However, this section’s sole focus on the construction worker’s risks
is not obvious (the reader is forced to refer back to Table 3-2).  For example, depending on how
the receptors and exposure pathways are defined, the term “surface soil” could be analogous to
industrial worker and “subsurface soil” relates to a construction worker scenario.  It would be
helpful if these sections of the CMS Reports would explicitly state which exposure scenarios are
being discussed.  In short, the CMS Reports need to be very clear as to what PCSs they are
referring to when discussing affected media.

Bluestone Coke Response No. 12

The CMS report has been revised to make this clear.
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USEPA Comment No. 13

E.g., SMA 2, Section 3.2.2, page 3-10; Section 3.2.3, page 3-12:  Both of these sections include
opinions/analysis of how to approach remediation of specific SWMUs (e.g., “It appears that land
use controls can be used as a corrective measure...”). Such recommendations seem premature
for this section of the report.  Shouldn’t Section 3.0 just compare the media sampling results to
the recommended cleanup standards?  It is in the alternatives analysis (Section 6.0) where risk
management arguments/decisions can be made and where differing approaches to certain units
can be laid out and then evaluated against the threshold criteria and balancing criteria.  In other
words, excluding certain SWMUs in Section 3.0 that have been found to have soil risk eliminates
(or muddles) their full analysis later in Section 6.0.

Bluestone Coke Response No. 13

The CMS has been revised to remove opinions and analysis from Section 3.2.2 and the full
analysis can be found in 6.0.

USEPA Comment No. 14

E.g., SMA 5, Section 4.0; Section 3.7, page 3-11: The CMS Reports use the following terms:
Remedial Goal Options, Preliminary Cleanup Standards, Cleanup Goals, Corrective Action
Objectives, Media Cleanup Standard and General Response Actions.  These terms need further
clarification and maybe their use revised or more consistently applied.  Here is how these terms
are generally used in the CMS Reports:

a. Remedial Goal Options may just be an editing error meant to be written as Preliminary
Cleanup Standards (see SMA 3, page 2-16).

b. Preliminary Cleanup Standards (PCSs) seem to equate to media specific concentrations
for protection of human health (i.e., cleanup standards).

c. Cleanup Goals are the media specific concentrations for protection of human health (i.e.,
cleanup standards).

d. Corrective Action Objectives (CAOs) are media specific goals, which specify the
contaminants of concern (COCs), the exposure route(s), and acceptable contaminant
levels for each receptor, will result in residual concentrations that are within acceptable
levels of risk to human health and the environment (i.e., cleanup standards)  (see SMA 5,
Section 4, page 4-1).  However, CAOs also seem to be equated to the threshold criteria
(or performance standards) for the CMS (see SMA 5, Section 4.3, page 4-6).

e. Media Cleanup Standard equate to media specific concentrations for protection of human
health (see SMA 3, Section 6.0).

f. General Response Actions are those actions to be taken to address the CAOs (see SMA
2, Section 3).
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It appears that there are 3 (maybe 4) terms being used to denote the concept of media cleanup
standards.  The strongest term used within the CMS Reports to denote cleanup standards is
PCSs.  However, PCSs is not a term used in RCRA corrective action process.  It is suggested
that one term be used throughout the CMS to describe the media specific concentrations for
protection of human health.  Since this is a CMS, which EPA will use to write a Statement of Basis
where recommended cleanup standards will be proposed as cleanup standards to the public, it
might be better to substitute the phrases “preliminary cleanup standards”, “potential cleanup
standards” (e.g., Table 4-2) or “recommended cleanup standards” (e.g., SMA 5, Section 4, Table
4-2, green highlights) for PCSs, where applicable.

Because the CMS threshold criteria (i.e., remedy performance standards) are designed to ensure
that remedies considered have the capability to meet the CAOs, it is recommended that the term
“CAO” be equated to the 4 CMS threshold criteria.  The General Response Actions1 2 are then
those actions needed to address these 4 threshold criteria.  Meeting these 4 CAOs (thresholds)
includes meeting appropriate risk-based standards (and any applicable statutes) at certain
locations and within certain timeframes.  Therefore, to capture the location and timeframe
components inherent in any CAOs (thresholds), it is suggested that the CMS Reports’ listing of
the CMS’s CAOs be expanded a little as follows (e.g., SMA 5, Section 4.3, page 4-6):

Protect human health and the environment3

Achieve the chemical-specific cleanup standards for each media, including restoration of
groundwater to drinking water standards, or any other standards established by statute.4

o Selection of cleanup standards also requires the establishment of points of compliance
which represents where the media clean up levels are to be achieve; remediation time
frame which is the site-specific schedule for a remedy (including both the time frame
to construct the remedy and estimate of the time frame to achieve the cleanup levels
at the point of compliance).

Control the source(s) of release so as to reduce or eliminate, to the extent practicable,
further releases of hazardous waste or hazardous constituents that may pose a threat to
human health and the environment.

1 FYI:  Superfund uses something called Remedial Action Objectives (RAO).  RAOs denote measures developed to protect human
health and environmental receptors from unacceptable risk due to the site contamination. These goals serve as the design
basis for the remedial alternatives (e.g., RAO 1 – Minimize potential dermal contact, incidental ingestion, and inhalation (as
a result of soil disturbance) with contaminated soil; RAO 2 – Minimize potential dermal contact, ingestion, and inhalation (as
a result of vapor intrusion) of contaminated groundwater; ROA 3 – restore groundwater to maximum beneficial use).

2   EPA has expanded on how to apply these CAOs with statements on final remedy expectations (see FACT SHEET #2
Expectations for Final Remedies at RCRA Corrective Action Facilities).

3  Protecting human health and the environment is the general mandate from the RCRA Statute.  Remedies meet this criterion
by meeting the second (meet cleanup goals) and third (source control) criteria.  Also, this first standard serves to ensure
remedies include protective activities (e.g., providing an alternative drinking water supply) that would not necessarily be
needed to achieve the other standards.

4 When restoration of groundwater to beneficial uses is not practicable, EPA expects to prevent further migration of the plume,
prevent exposure to the contaminated groundwater, and evaluate further risk reduction.
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Comply with any applicable waste management standards.

Bluestone Coke Response No. 14

The Remedial Goal Objectives (RGOs) have been renamed Preliminary Cleanup Standards
(PCSs). In addition, Section 3.3 Corrective Action Objectives has been expanded as described in
the comment.

USEPA Comment No. 15

E.g., SMA 5, Section 4.3, page 4-6:  The report states that “The corrective action objectives
(CAOs) are medium-specific goals and specify the COPCs {emphasis added}...”  The outcome of
a risk assessment is the identification of risk for specific COCs for the given scenario (e.g.,
residential, industrial, etc.).  In other words, the risk assessment uses the exposure point
concentrations for COPC to calculate estimates of the lifetime daily average intake of the
contaminant.  If the risk assessment finds an ELCR > 1.0E-06 or HI > 1.0, then that COPC is a
COC.  However, the CMS Reports continue to use the term “COPC” after the risk assessment
has been completed and a list of chemicals identified as being in need of cleanup standards.

The CMS Reports need to use the following approach:  Once the COCs have been determined
by the risk assessment, then all references in the report after the risk assessment should read
COC instead of COPC.  For example, the above referenced sentence should read: “The
recommended cleanup standards are medium-specific goals and specify the COCs...”

Bluestone Coke Response No. 15

The COPCs are used in Section 3.0 to determine the COCs.  The text has been changed to refer
to the COCs after Section 3.7.

USEPA Comment No. 16

E.g., SMA 3 Section 3.1.1, page 3-2: The report states “Based on a combination of the USEPA
guidance and ADEM guidance, the analytical samples from each sample media were compared
to the calculated PCS with the ELCR of 10-5 or a HI of 1.0.  If the risk of a particular constituent
did not exceed the ELCR of 10-5 or a HI of 1.0, then the constituent was not screened because it
did not exceed the target risk level.”  EPA is concerned that the CMS Reports may be including
an extra “screening” step in identifying which COCs need to undergo calculation of a cleanup level
(also see Comment 17).  The CMS Reports seem to be saying if the COC’s ELCR is less than
10-5, then it is not carried forward for calculation of PCSs (i.e., recommended cleanup levels).
There should actually be no additional screening of the COCs to another ELCR (this time at 10-
5) and HI of 1.0 before calculation of a PCS.  Actually, once the remediation trigger has been
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exceeded,5 then a PCS is calculated at the appropriate carcinogenic risk levels for each COC
identified by the risk assessment.

This presentation of how environmental data is compared to risk levels needs to be reviewed in
all CMS Reports to ensure that they are consistent and clear.  NOTE:  The above cited language
also exists in the executive summary sections of the CMS Reports.

Bluestone Coke Response No. 16

This has been clarified and the reference to the ADEM guidance has been removed.

USEPA Comment No. 17

E.g., SMA 5, Section 4, Table 4-2, page 4-3:  The CMS Reports seem to be using a trigger for
remediation that is different from the trigger EPA (or ADEM) usually uses.  Actually, as stated in
the Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions (EPA 1991,
page 1) remediation for EPA is triggered by the following logic:

“Where the cumulative carcinogenic site risk to an individual based on reasonable
maximum exposure for both current and future land use is less than 1E-04 and the non-
carcinogenic hazard index is less than 1, action generally is not warranted unless there
are adverse environmental impacts. However, if MCLs or non-zero MCLGs are exceeded,
action generally is warranted.”

Specifically, as stated in the EPA Rules of Thumb for Superfund Remedy Selection (1997, page
7), the basis for remedial action is generally warranted if one or more of the following conditions
is met:

The cumulative excess carcinogenic risk to an individual exceeds 1E-04 (using
reasonable maximum exposure assumptions for either the current or reasonably
anticipated future land use); NOTE:  In order to incorporate ADEM’s use of 1E-05 into the
process, then the cumulative excess carcinogenic risk to an individual would need to be
set at 1E-05.6  Selecting cleanup standards that keep the total site risk below 1E-05
(ADEM) will automatically keep the total site cancer risk below 1E-04 (EPA’s threshold).

5 EPA’s remediation trigger is a total, cumulative site ELCR of 1E-4 or a HI of 1.  ADEM’s remediation trigger is a total,
cumulative site ELCR of 1E-05 or a HI of 1.  The remediation trigger used by Bluestone Coke is a medium by medium ELCR
of 1E-06 (sometimes 1E-05) and a medium by medium HI of 1.

6 The ADEM Risk Based Corrective Action Guidance Manual seems to be using a cumulative cancer risk
of 1E-05 as the trigger level for remedial action; similar to how EPA uses a cumulative cancer risk of
1E-04 as its remediation trigger level.  Specifically, regarding calculation of cleanup standards, the
ADEM Guidance does not seem to call for default use of 1E-05; instead, it seems to call for target levels
to be used that keep the total site risk below 1E-05.  Specifically, the ADEM guidance states on page 2-
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The non-carcinogenic hazard index is greater than one (using reasonable maximum
exposure assumptions for either the current or reasonably anticipated future land use);
Site contaminants cause adverse environmental impacts; or
Chemical-specific standards or other measures that define acceptable risk levels are
exceeded and exposure to contaminants above these acceptable levels is predicted for
the RME. Examples include: drinking water standards that are exceeded in ground water
when that ground water is a current or potential source of drinking water; or water quality
standards that are exceeded in surface or ground waters that support the designated uses
of these waters (e.g., support aquatic life).

Bluestone Coke Response No. 17

The trigger for establishing PCSs has been changed to a cumulative ELCR of greater than 10-6
and a HI of 1.

Preliminary Cleanup Standards (PCSs) were calculated for each receptor for each media type for
constituents of concern (COCs) that exceeded a ELCR of 10-6 or a HI of 1.0.  PCS for each COC
were calculated for an ELCR of 10-4, 10-5, and 10-6 and a HI of 3, 1.0, and 0.1.  In order to meet
the goal of the cumulative ECLR of less than 10-4 and a HI of 1.0 across all media, the analytical
samples from each sample media were compared to the calculated PCS with the ELCR of 10-5
or a HI of 1.0. The value for the most conservative receptor (lowest value) for the 10-5 target risk
level or HI of 1.0 was selected as the PCS for human health exposure.  Groundwater COCs were
also compared to the United States Environmental Protection Agency (USEPA) maximum
contaminant levels (MCLs) or Region 4 Screening Levels (RSL) for Tapwater where there is no
MCL.

USEPA Comment No. 18

E.g., SMA 5, Section 4, Table 4-2, page 4-3:  Once remediation is triggered, all COCs identified
in the risk assessment need to have cleanup standards calculated.  In other words, once
remediation is triggered, then cleanup standards are calculated for COCs that contribute most to
the risk (i.e., those COCs with an ELCR > 1.0E-06 or HI > 1.0).   However, the CMS Reports are
not consistent in selecting COCs for PCS (or cleanup standard) generation (i.e., there seems to

5 that “An RM-1 evaluation first requires the determination of whether the cumulative risk at a site
exceeds appropriate risk levels (i.e. Hazard Index = sum of HIs = 1.0 and Individual Excess Lifetime
Cancer Risk = IE-05).” On page 3-14, the ADEM guidance states “For the RM-1 and the RM-2
evaluation [i.e., calculation of cleanup standards using default assumptions or site specific assumptions,
respectively], the use of a site-wide IELCR (the sum of the IELCR for each COC and each complete
ROE) of 1 x 10·5, and a site-wide HI (the sum of HIs for each COC and each ROE) less than or equal
to 1.0 is required.”
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be different triggers for when to generate an PCS).  For example, as shown below, major
contributors of risk in soil (and hence subject to PCS generation) were selected using varying
ELCR levels:

a. 1E-06 in SMA 1 (e.g., Table 3-7)
b. 1E-05 in SMA 2 (e.g., Table 3-3, which includes the following statement: “None of the risks

as presented in the risk summary above exceeded the 1.0E-05 ELCR or a 1.0 HI;
therefore, none of the PCSs were used to screen the data.”

c. 1E-05 in SMA 3 (e.g., Table 3-3, which includes the following statement: “The green
highlighted concentrations are the PCS’s determined for the subsurface soil at the site for
the constituents that exceeded an ELCR of 1.0E-05 or a HI of 1.0.”

d. 1E-06 in SMA 4 (e.g., Table 3-3, which includes the following statement: “The green
highlighted concentrations are the PCS’s determined for the soil at the site for the
constituents that exceeded an ELCR of 1.0E-06 or a HI of 1.0.”

e. 1E-06 in SMA 5 (e.g., Table 4-3, which includes the following statement: “The green
highlighted concentrations are the PCS’s determined for the soil at the site for the
constituents that exceeded an ELCR of 1.0E-06 or a HI of 1.0.”

Although EPA’s interpretation is that it was the reports’ intentions to use an ELCR of 1E-06 and
a hazard index of 1 as the level to identify COCs for calculation of a recommended cleanup
standard, if the reports actually mean to use an ELCR of 1E-05, then the reports seem to be
including an extra “screening” step in identifying which COCs need to undergo calculation of an
RGO, and applying the remediation trigger incorrectly.  If an extra screening step is being
included, then the reports seem to be saying that if the COC’s ELCR is less than 1E-05, then the
COC is not screened for calculation of a cleanup level.  Actually, once the COCs are identified,
then a cleanup level at a cancer risk level of 1E-05 needs to be calculated.  It is just that the
recommended cleanup level is calculated at a 1E-05 target cancer risk level.

Bluestone Coke Response No. 18

The trigger for establishing PCSs has been changed to a cumulative ELCR of greater than 10-6
and a HI of 1. Preliminary Cleanup Standards (PCSs) were calculated for each receptor for each
media type for constituents of concern (COCs) that exceeded a ELCR of 10-6 or a HI of 1.0.  PCS
for each COC were calculated for an ELCR of 10-4, 10-5, and 10-6 and a HI of 3, 1.0, and 0.1.
In order to meet the goal of the cumulative ECLR of less than 10-4 and a HI of 1.0 across all
media, the analytical samples from each sample media were compared to the calculated PCS
with the ELCR of 10-5 or a HI of 1.0. The value for the most conservative receptor (lowest value)
for the 10-5 target risk level or HI of 1.0 was selected as the PCS for human health exposure.
Groundwater COCs were also compared to the United States Environmental Protection Agency
(USEPA) maximum contaminant levels (MCLs).
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USEPA Comment No. 19

E.g., SMA 1, Section 3.1, page 3-2; Section 3.1.5, Table 3-21:  It appears that a logic error has
crept into the CMS Reports once aquifer restoration was added as a corrective action objective.
For example, in Section 3.1, it is stated that “The PCSs for groundwater COCs were determined
to be the highest of either the MCL or the most conservative receptor value for the 10-5 target
risk level or HI of 1.0.”  Restoration of groundwater to beneficial use is required, and beneficial
use is based on aquifer designation (i.e., current drinking water, potential drinking water, not
drinking water source) for a residential scenario.  However, the risk assessment performed in
these CMS Reports did not include a residential scenario.  Therefore, it is incorrect to use those
COCs whose risks were determined based on industrial worker, construction worker, or
trespasser scenarios to also serve as COCs for aquifer restoration, which is based on a residential
scenario.  EPA concludes that:

Table 3-21 is mixing aquifer restoration values (e.g., MCLs or tap water RSL) with non-
aquifer restoration values (e.g., risk numbers based on industrial or construction worker
scenarios) in selecting of the PCSs.  Note that the groundwater risks posed by exceeding
the industrial and construction worker cleanup standards are being addressed by land use
controls (e.g., measures eliminating installation of drinking water wells for use by facility
personnel, use of dig permits).  To further illustrate this mixing of non-restoration cleanup
standards with restoration cleanup standards, note that as written, the recommended
groundwater pump and treat for SMA 1 will have to continue until the groundwater
concentrations for the 12 non-MCL COCs in Table 3-21 reach the recommended cleanup
standards protective of either industrial or construction workers, even though the risk from
these 12 non-MCL COCs is managed by the land use controls.7

A separate (and new) list of COCs for aquifer restoration needs to be developed.  Care
needs to be taken when selecting the COC list for meeting groundwater restoration.
o The COC list for groundwater restoration needs to be generated separately from the

industrial and construction worker risk assessment.  It should be based on those
COPCs that exceed an MCL or, if no MCL is available, a residential tap water RSL
(i.e., SMA 1, Table 2.8 can also serve as the aquifer restoration COPCs).

o A number of groundwater constituents could not have their risks calculated due to
toxicity values not being available (e.g., carbazole).  Other sources of toxicity values
may need to be used to assess the risk to these COCs (e.g., HEAST, Health Canada
2010, etc.).  If no acceptable toxicity value exists, then cleanup numbers cannot be
established.  However, these COCs will need to be included on the COC list (and the
Statement of Basis) in the event that toxicity values are derived in the future.

7 NOTE:  If remediation of the groundwater does not result in the concentrations reaching levels protective of the industrial or
construction worker, then land use controls cannot be released even if aquifer restoration has been reached.  If the desire is to
eventually avoid any future land use controls, then, for those COCs contained in both the list for aquifer restoration and the
list for worker/trespasser risk, the CMS Reports should select the lowest value between MCL/tap water, trespasser, industrial
or construction worker scenarios.
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o Finally, new figures will need to be generated showing the extent of contamination that
exists in need of restoration based on the recommended cleanup standards for the
aquifer restoration COCs.  If needed, remedial alternatives should be revised/updated.

CMS Report Tables similar to SMA 1, Table 3-21 need to be modified to clarify what the
cleanup standards are referring to and how they should be used.  Multiple tables could be
used, one for aquifer restoration, one for worker/trespasser risk.  Alternatively, below is
how Table 3-21 could look if one table containing all cleanup standards is desired.

Table 3-21 – Example Table of Recommended Cleanup Standards

Chemical
of

Concern

Sediment
(mg/kg)

Soil
(1 to 15 ft bgs)

(mg/kg)

Surface Water
(ug/L)

Groundwater
(ug/L)

Worker Aquifer
Restoration

Protection of Industrial/Commercial Worker, Construction Worker or
Trespasser

Resource
Protection

ABC
Chemical

Lower of Risk
Calculated
Number from
Industrial,
Construction or
Trespasser
Scenario (a, b,
c)

Lower of Risk
Calculated
Number from
Industrial,
Construction or
Trespasser
Scenario (a, b,
c)

Lower of Risk
Calculated
Number from
Industrial,
Construction or
Trespasser
Scenario (a, b,
c)

Lower of
Risk
Calculated
Number from
Industrial or
Construction
Worker (a, b)

MCL or MCL
Equivalent Risk
Calculated
Number (e.g.,
Residential Tap
Water Value) (d,
e)

a – Based on Industrial Worker Scenario
b – Based on Construction Worker Scenario
c – Based on Trespasser Scenario
d – MCL
e – Tap Water Risk Number (residential scenario)

Bluestone Coke Response No. 19

Section 3.0 has been completely revised and this comment has been addressed.

USEPA Comment No. 20

E.g., SMA 2, Section 3.2.2, page 3-10, Figures 3-1 through 3-2: The CMS Reports show
contaminant distribution relative to human health cleanup standards based on industrial or
construction worker risk.  In addition to the CMS Reports’ estimated areas of affected media
impacting the risk of contaminated soils to human health, the reports also need to present
narrative and associated figures showing the potential for soil to be ongoing sources of
groundwater contamination (i.e., leachability).
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Also, as needed, the CMS Reports need to factor leachability considerations into the remedial
alternatives analysis.

Bluestone Coke Response No. 20

Two Figures have been added and they are now Figure 3-1 through 3-4. Figure 3.2 show the
information on subsurface soil leaching to groundwater potential.

USEPA Comment No. 21

E.g., SMA 2, Figures 3-1 and 3-2:  The CMS Reports need to always be clear as to which PCSs
are being referred to in figures like Figures 3-1 and 3-2.  For example, does Figure 3-1 refer to
PCSs in an industrial or construction setting?  An answer to this question can be obtained by
referring to Section 3.2.2, which refers one to Table 3-6, but that proves cumbersome.

Bluestone Coke Response No. 21

As described in Section 3.2.2, the PCS is based on the most conservative value calculated for
the 10-5 ELCR or a HI of 1 for each COC across each media for both settings.  Thus, some of
the PCS are derived from the industrial/commercial setting and some are derived from the
construction setting.  But the resulting PCSs are applicable generally; they are not specific to one
setting. For example in Table 3-5, the PCS for benzene is based on the ELCR for a construction
worker while naphthalene is based on the ELCR and HI for both the industrial/commercial worker
and construction worker.

USEPA Comment No. 22

E.g., SMA 2, Section 3.2.5, page 3-13, Figure 3-3:  The CMS Reports are mixing risk numbers
calculated to be protective of human health under certain exposure scenarios (e.g., industrial,
construction) with MCLs (or MCL equivalents – think tap water RSLs) which are used to meet
groundwater restoration.  For example, SMA 2 states that “If the PCS of 1.0E-05 was lower than
the MCL, then the MCL was used as the regulatory limit for comparison.”  The reports need to
have separate figures showing:

a. the extent of groundwater contamination relative to groundwater restoration levels (i.e.,
MCLs or, it no MCL exists, then tap water risk numbers).

b. the extent of groundwater contamination in relation to the industrial or construction risk
numbers (i.e., the industrial or construction worker scenarios).
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Bluestone Coke Response No. 22

Table 3-7 includes the PCS and the current USEPA MCLs or Tapwater RSLs (if MCL not
available).  Figure 3-3 illustrates the exceedances of the PCSs, and Figure 3-4 illustrates
exceedances of the MCLs/RSLs.

Identification and Screening of Technologies and Process Options

USEPA Comment No. 23

E.g., SMA 3, Section 4.0, page 4-1; SMA 4, Section 4.0, page 4-1:  Why do the CMS Reports
exclude the balancing criteria “Reduction of Toxicity, Mobility and Volume of Wastes” from the
screening of potential technologies?  Although leachability of soils remains to be fully evaluated,
EPA notes that the technologies retained for soil contamination do not include any measures that
would destroy, remove, degrade the existing soil contamination that may be serving as an ongoing
source of groundwater contamination.

Furthermore, if any residual sources (e.g., residual NAPL) are not removed or degraded, then the
groundwater remedy will fail (or take a very long time).  Technologies to deal with such residual
sources might best be housed under groundwater technologies.  In fact, if the subsurface
contamination is below the water table, it is usually best to address such contamination as part of
the groundwater remediation.

Bluestone Coke Response No. 23

Section 6.0 has been revised to include the balancing criteria “Reduction of Toxicity, Mobility and
Volume of Wastes” to the screening of potential technologies.

USEPA Comment No. 24

E.g., SMA 3, Section 4.2.2.1, page 4-5:  The report uses Land Use Control Implementation Plan
(LUCP) in two ways.  First, in Section 4.2.2.1, the LUCP is one of several components listed under
the administrative land use control.  However, in discussion of the remedy (Section 5.2 and
beyond), LUCP is used as being equivalent to a broader view of institutional controls, which can
encompass physical land use controls, legal land use controls and administrative land use
controls.  It appears that the second use of LUCP that should be consistently used in the
document.  It is believed that Section 4.2.2.1 needs to be changed, but please review and revise
accordingly.

Why do the CMS Reports utilize the term LUCP, with an emphasis on the “I” (implementation)?
Why not just call the suite or range of different institutional controls recommended to be the Land
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Use Control Plan?  The Statement of Basis will list the institutional controls needed for the remedy.
An “implementation” plan does not seem to be needed at this point in the process.

Given that the proposed remedies for each of the SMAs relies on a LUCP to be protective, it is
anticipated that EPA’s final remedy proposal will require an Environmental Covenant pursuant to
the Alabama Uniform Environmental Covenants Act, Code of Alabama 1975, §§35-19-1 to 35-19-
14.  Such covenants are necessary if the final remedy places a land use control at a facility
because it is not being remediated to unrestricted use.

Bluestone Coke Response No. 24

Section 4.2.2.1 has been revised to encompass a broader view of the LUCP.  In addition, the
entire document has been revised to replace LUCIP with LUCP.

Evaluation of Corrective Action Alternatives

USEPA Comment No. 25

E.g., SMA 5, Section 7.1.1, page 7-3: The CMS fails to include two of the balancing criteria:
community and state acceptance (see EPA 2000, Fact Sheet #3). Where these left off because
they will be addressed during the public notice of the remedy?  Either way, please include them
in the initial listing of the balancing criteria, but there is no need to address or repeat these criteria
during evaluation of each alternative.  EPA will take these two criteria into account later, mostly
during the public notice process for the Statement of Basis.

Bluestone Coke Response No. 25

This is Section 6.1 in the CMS for SMA 3.  Section 6.1 has been revised to include these two
balancing criteria.

USEPA Comment No. 26

E.g., SMA 1, Section 6.2: Given the use of the SMA concept and the sometimes limited sampling
scope and geographic extent, sometimes this distinct SWMU assessment/remedy
recommendation makes sense (e.g., many of the SWMUs in SMA 1), but other times it makes
sense to not separate out SWMUs from other SWMUs within the SMA (e.g., SMA 3).  Although
EPA recognizes that there are reasons to occasionally look at individual SWMUs, EPA’s
preference is to combine, where possible, SWMUs within a SMA to make remedial decisions.
However, this combination of SMA level vs SWMU by SWMU approach creates an accounting
problem.  This accounting of SWMUs/AOCs will become increasingly important during generation
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of the Statement of Basis, which will have to list the SWMUs and AOCs which require and do not
require a remedy. 8

a. E.g., SMA 2, Section 6.2: The CMS is to select a final remedy for all SWMUs within a
SMA; however, it is frequently difficult to connect the dots from SWMU/AOC (and media)
to the alternative.  In other words, which exposure pathways and receptors by SWMU are
being addressed by the alternatives?  For example, it seems that some alternatives cover
all SWMUs/AOCs within SMA 2 (e.g., Alternatives 1, 2 and 3), while other alternatives
focus only on one SWMU (e.g., SWMU 24B in Alternative 4).

Please include a summarizing narrative at the beginning of each discussed alternative
that clearly identifies which components of the alternative either apply (or do not apply) to
the SWMUs/AOCs (and associated media needing remediation) covered within the CMS
Reports.

b. E.g., SMA 1, Section 6.2: To help support the summarizing narrative at the beginning of
each alternative, the CMS Reports need to close the loop between how the alternative will
address the risks identified in the risk assessment (also see Conceptual Model - Figure
2.5) and aquifer restoration.  It might be best to apply the alternative components to an
updated Conceptual Model (see Figure 2.5) modified to reflect the risks identified by the
risk assessment (see example table below and example Table 1 in the SMA specific
comments).  This step-by-step analysis will allow for easy identification of whether the
alternative fails to address some risk, or it may uncover missed components of the
alternative that were thought to have been addressed.  It might also prove useful when
discussing with the public how the proposed remedies address the calculated risks.

Bluestone Coke Response No. 26

Section 6.2 has been revised to discuss the media associated with each SWMU in SMA 4.

USEPA Comment No. 27

E.g., SMA 5, Section 7.2.1, page 7-4 (Protection of Human Health and the Environment):
The CMS Reports state that “The No Action alternative would not achieve the USEPA de minimis
risk range of 1E-04 to 1E-06 or the ADEM de minimis level of 1E-05.”  Inclusion of the term “de
minimis” leaves this sentence with an awkward presentation of the risk range.  The risk range
listed here only applies once the remediation trigger has been exceeded, which is not the case at
SMA 5.  It might be better to state something to the effect that under the No Action alternative,
human health and the environment would not be protected because soil contamination would

8 The 2012 AOC called for a CMS for all of the SWMUs identified in the five SMAs.  This basically means that all of the SWMUs
are contaminated and in need of a remedy.  Because of this, EPA is carrying all of the SWMUs and AOCs as units to be covered
under the final remedy decision.
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remain unaddressed.  Maybe the reports should be modified to also include an addition that says
something like:

“Specifically, the risks assessed for this SMA were for industrial and construction
scenarios, and the recommended cleanup standards were such that no detected areas of
contamination required active remediation under these two scenarios.  However,
contamination at levels exceeding residential risk screening levels exists.  Because no
action will be taken to maintain land use as industrial (i.e., no action taken to prevent any
exposure in a future residential setting), human health would not be protected.”

Bluestone Coke Response No. 27

Section 6.2.1 has been revised to address the suggested concept.

USEPA Comment No. 28

E.g., SMA 5, Section 7.2.1, page 7-4 (Attain Media Cleanup Standards): The CMS Reports
state when referring to the No Action alternative that “Because levels of contamination would
remain in place at the site and no action will be taken to minimize any exposure routes, the media
cleanup standards would not meet the requirements of this threshold criterion.”  Note that this
statement is an incomplete presentation of the interaction of the no action alternative to media
cleanup standards set by a risk assessment that does not include an analysis of the risks to a
future residential setting.  Maybe the reports should be modified to also include an addition that
says something like:

“The risks assessed for this SMA were for industrial and construction scenarios, and the
recommended cleanup standards were such that no detected areas of contamination
required active remediation under these two scenarios.  However, soil contamination at
levels exceeding residential risk screening levels does exist.  Because levels of
contamination would remain in place at the site and no action will be taken to prevent any
exposure in a future residential setting, residential media cleanup standards would not
meet the requirements of this threshold criterion.”

Bluestone Coke Response No. 28

Section 6.2.1 has been revised to address the suggested concept.

USEPA Comment No. 29

E.g., SMA 5, Section 7.2.1, page 7-4 (Protection of Human Health and the Environment):
The CMS Reports need to remember to mention how the environment is being protected by the



CMS – SMA 3 Coke Manufacturing Plant (Revision 1.0)
Bluestone Coke  Birmingham, Alabama
October 21, 2021  Terracon Project No. E1137112

Responsive Resourceful Reliable 20

alternative.  For example, in SMA 5, the environment can be considered protected because there
are no ecological receptors present at this SMA.

Bluestone Coke Response No. 29

Section 6.2.1 has been revised to address this issue as suggested.

USEPA Comment No. 30

E.g., SMA 3, Section 6.2.5, page 6-14 (Attain Media Cleanup Standards):  The report states
“The medium specific cleanup standards would be achieved by hydraulic control and treatment
of the groundwater in AOC E in conjunction with long term groundwater and analysis. It may take
20 to 30 years to achieve the cleanup standards.  Therefore, Alternative 5 would meet the
requirements of this threshold criterion.”  The report seems to be equating hydraulic control with
pump & treat (i.e., equating an effect with the technology).  Hydraulic control can be pursued by
pumping groundwater to control the flow; however, hydraulic control does not achieve cleanup
standards.  For example, pumping groundwater to hydraulically control its migration offsite would
help in meeting the ultimate threshold criteria to protect human health and the environment;
however, pumping, not hydraulic control, will achieve cleanup standards through its actual
removal of contaminants.

Bluestone Coke Response No. 30

This section has been completely revised.

USEPA Comment No. 31

E.g., SMA 3, Section 6.2.5, page 6-14 (Attain Media Cleanup Standards): The CMS Reports
intermittently provide estimates of the timeframe for remediation.  For example, SMA 3 states:
“Alternative 5 - Attain Media Cleanup Standards: The medium specific cleanup standards would
be achieved by hydraulic control and treatment of the groundwater in AOC E in conjunction with
long term groundwater and analysis. It may take 20 to 30 years to achieve the cleanup standards.
Therefore, Alternative 5 would meet the requirements of this threshold criterion.” Each CMS
Report needs to include a discussion of timeframe (including the basis for the estimation) and a
general presentation of where the cleanup standards would apply (i.e., the point of compliance).
For example, the point of compliance for contaminated groundwater is throughout the plume.
These two items are part of the CAOs and need to be addressed in the reports.  Also, remember
that, although expected to be short, there is a finite amount of time to get the land use controls in
place.
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Bluestone Coke Response No. 31

This was revised in Sections 6.2.4 and 6.2.5.

USEPA Comment No. 32

E.g., SMA 4, Section 6.2.5, page 6-14 (Control the Source of Releases): The report states
“[t]he hydraulic control and treatment of groundwater that exceeds the risk-based cleanup
standards would effectively minimize the potential of a release in the future.”  The report seems
to have misinterpreted this threshold criteria.  This threshold criteria generally refers to originating
source of contamination (e.g., highly contaminated soil at a spill location; leaking drums, sludge
material, etc.).  In other words, controlling the source of the release encompasses not so much
stopping or containing the contamination to control or eliminate current and future releases, but
remediation/elimination of the original source (including treatment of principle threat wastes9) as
to eliminate or reduce further releases.  In this context, “sources” includes both the location of the
original release as well as locations where significant mass of contaminants may have migrated
and remain in a distinct geographic area.  Note that while EPA expects facilities to use treatment
technologies to address principal threats, EPA also expects that containment technologies as well
as institutional controls can be used to address wastes that pose relatively low long-term threats.

In addition, controlling sources is not just a determination made in relation to risk-based cleanup
standards calculated for industrial and construction scenarios; if leachability is found to be an
issue with a substantial volume of contaminated soil, then the unsaturated soil would then have
to be assessed as a source.

Bluestone Coke Response No. 32

This discussion was not in CMS SMA 3. Therefore, this comment was not addressed.

USEPA Comment No. 33

E.g., SMA 2, Table 6-4, page 6-12 (Reduction of Toxicity, Mobility or Volume of Wastes):
The CMS Reports need to be careful when implementing the scoring system for all of the
balancing criteria.  Because there are at least two contaminated media (usually soil and
groundwater), depending on the SMA, the alternative analysis might need to address the
balancing criteria by media or even groups of SWMUs undergoing similar remedial approaches.

9 Principle threat wastes are materials that include or contain hazardous substances, pollutants or contaminants that act as a
reservoir for migration of contamination to ground water, to surface water, to air, or acts as a source for direct exposure.
Specifically, they are those source materials considered to be highly toxic or highly mobile that generally cannot be reliably
contained or would present a significant risk to human health or the environment should exposure occur.  They include liquids
and other highly mobile materials (e.g., solvents) or materials having high concentrations of toxic compounds.  No "threshold
level" of toxicity/risk has been established to equate to "principal threat." However, where toxicity and mobility of source
material combine to pose a potential risk of l0-3 or greater, generally treatment alternatives should be evaluated.
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For example, if the SMA has both contaminated groundwater and soil, how is the reader to know
if the analysis of reduction in toxicity, mobility or volume refers to the contaminated groundwater,
soil or both media?  Another example is shown in SMA 2, Table 6-4.  This table scores reduction
of toxicity, mobility or volume of waste a “4” in each of the sub-questions.  However, the alternative
is simply a land use control and capping remedy with groundwater monitoring.  How is there a
reduction of toxicity or volume in this case?  Some mobility can be considered decreased by the
capping of SWMU 24B, but no other SWMUs are capped even though identified risk exits.  Does
the “4” given in this case refer to just SWMU 24B?  What about rating the alternative in address
the reduction in toxicity, mobility and volume for the other SWMUs?

Bluestone Coke Response No. 33

Section 6.0 is now Section 7.0.  This section was revised to address this comment.

USEPA Comment No. 34

E.g., SMA 4, Section 6.2: Frequently, the alternative analyses performed in the CMS Reports
fail to completely discuss all aspects of the alternative.  For example, in SMA 4, Section 6.2.5, the
analysis only discusses the 4 threshold criteria with respect to the groundwater removal and
treatment; however, this alternative also includes land use controls and groundwater monitoring.
In other words, why doesn’t Section 6.2.5 show how land use controls help the alternative meet
the 4 threshold criteria?  The evaluations performed in the CMS Reports need to include all
components of the alternative and identified media risk as it works through assessing the
threshold criteria and, if the alternative is found to meet or satisfy all 4 threshold criteria, the
balancing criteria.

Bluestone Coke Response No. 34

This discussion has been revised to address this comment.

USEPA Comment No. 35

E.g., SMA 2, Section 6.2, page 6-11; Section 6.3, page 6-16 through 6-18: An error in
application of the comparative analysis has occurred.  The CMS Reports incorrectly equate the
threshold criteria with the balancing criteria during the comparative analysis (see EPA 2000, Fact
Sheet #3).

a. The threshold criteria are “filters” that must be met by any remedy (except the no action
remedy which is included for comparison purposes only).  If the alternative does not meet
any one of these threshold criteria (barring a finding that a threshold criterion does not
apply given site specific situation), then the alternative is not viable, should not be
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considered, and there is no need to undergo further analysis in reference to the 5
balancing criteria.

b. Unlike the threshold criteria, which must be met, the balancing criteria are qualitative
“scales” that help in determining which alternatives, found to meet the applicable threshold
criteria, provide the best overall approach to addressing the contamination.

This means that the balancing criteria should not be listed in Section 6.2 (Individual Analysis of
Alternative).  It also means that only the 5 balancing criteria should be used in the comparisons
performed in Section 6.3 (Comparative Analysis).  In other words, the evaluation of individual
alternatives should first be against the 4 threshold criteria, then Section 6.3 would be where those
alternatives that meet the threshold criteria are compared against the balancing criteria.

If there is a strong desire is to continue to include the balancing criteria in Section 6.2 along with
the threshold criteria, then the reports will essentially be evaluating every alternative as a single
alternative.  When evaluating a single alternative, maybe a better approach for the reports would
be to determine if the alternative is more or less “acceptable or unacceptable” with regard to the
balancing criterion under consideration.  Then in Section 6.3, the section where comparison
occurs for those alternatives found to meet the threshold criteria, the alternatives are compared
to each other in terms of “better or worse” or similar sliding scale, which the reports could
accomplish via its scoring system.

Bluestone Coke Response No. 35

This section was revised to address this comment.

USEPA Comment No. 36

E.g., SMA 2, Table 6-4, page 6-12: The wording of the questions used in the scoring system for
the alternatives seems a little problematic.

a. Threshold Criteria:  As noted above, the threshold criteria must be met for each remedy
under consideration (except for the no action alternative).  If threshold criteria are to be
summarized in tables like Table 6-4, then the questions for the threshold criteria should
be straight up yes/no questions (or not applicable given site specifics), or only those
alternatives with high scores for each threshold criteria (e.g., 4 or 5) should be carried on
to the next section where the alternatives are compared.

b. Balancing Criteria:  As currently designed, the questions for the cost balancing criterion
kind of have a built-in range of possibilities (i.e., a pseudo-sliding scale where Yes = 0, No
= 5); however, the questions for the remaining balancing criteria are basically yes/no
questions, but the scoring asks the user to provide a range of success.  What about the
following revisions to the balancing criteria to impart more of a sliding scale response as
opposed to a yes/no answer?
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Long-Term Reliability and Effectiveness (5 – more capable, 0 – less capable)

How capable is the alternative at providing long-term effectiveness and reliability
by providing:
- mitigation or reduction of the severity of source(s) of potential risk?
- long-term protection for receptors through containment systems?
- long-term protection for receptors through institutional controls?

Reduction of Toxicity, Mobility, or Volume of Waste (5 – more reduction, 0 – less
reduction)

How much does the alternative reduce the:
- toxicity of waste?
- mobility of waste?
- volume of waste?

Short-Term Effectiveness (5 – more capable, 0 – less capable)

How capable is the alternative at providing short-term effectiveness to address the
risk (if any) to:
- the community?
- workers?
- ecological receptors?

Implementability (5 – easier, 0 – more difficult)

What will be the level of difficulty in:
- finding adequate TSD services, supplies, and/or equipment?
- implementing, operating and maintaining the chosen technology?
- implementing and maintaining the chosen administrative components?
- implementing the alternative in a short time?

Bluestone Coke Response No. 36

This section was revised to address this comment.

USEPA Comment No. 37

E.g., SMA 4, Section 6.3.2, page 6-17: The CMS Reports need to compare the timeframes to
meet the cleanup standards and, as needed, any differences in the points of compliance for
application of the cleanup standards.
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Bluestone Coke Response No. 37

This has been addressed in Sections 6.2.4 and 6.2.5.

Justification and Recommendation of the Corrective Measures

USEPA Comment No. 38

E.g., SMA 5, Section 8.0: FYI: An expectation in meeting the CAOs is that the contaminant
concentrations in all media will be protective of unrestricted residential land use scenario.  In other
words, since the risk assessment and cleanup decisions in the CMS Reports assume a future
land use scenario of “industrial” (i.e., cleanup to residential standards is not being pursued), even
if the no active remediation is needed to be protective given the current land use, then installation
of land use controls will be needed at all SMAs to ensure that land use does not ever become
residential.

Bluestone Coke Response No. 38

Section 7.0 has been revised to indicate the LUCP will be used to ensure that the site remains in
industrial/commercial use.

USEPA Comment No. 39

E.g., SMA 3, Section 7.0, page 7-2:  Although implied as part of any recommendation for pump
and treat of groundwater, for clarity, the CMS Reports with active groundwater remedies should
probably also mention that long term groundwater monitoring will also occur as part of the
assessment of the remediation system effectiveness.

Bluestone Coke Response No. 39

This section has been revised to include the long-term groundwater monitoring being part of the
assessment of the remediation system effectiveness.

USEPA Comment No. 40

E.g., SMA 1, SMA 3, and SMA 4:  The groundwater remedies proposed for SMAs 1, 3 and 4
focus only on the dissolved phase of the groundwater plume.  It does not address continued
release of contamination from the soil to groundwater (i.e., back-diffusion).  Without an emphasis
on this continuing subsurface source of groundwater contamination, the pump and treat remedy
has to rely on removal of a large amount of pore volumes and extended time.
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Bluestone Coke Response No. 40

This has been revised and the leaching to groundwater issue is addressed.

EPA Final Comments on CMS Report
Solid Waste Area 3 – Coke Manufacturing Plant

Risk Assessment

USEPA Comment No. 1

Section 2.2, page 2-2:  The CMS was prepared on September 24, 2013, and since that time, the
RSLs have been updated.  In light of those changes, the report should review the RSL website
and re-screen all COPCs that have updated screening values.  Several COPCs in this report (e.g.,
arsenic, vanadium, TCE, etc.) have updated RSLs.  Please revise the corresponding text, tables
and figures.

Bluestone Coke Response No. 1

Re-screening for COPCs has been performed utilizing USEPA RSLs dated May 2021.

USEPA Comment No. 2

Section 2.2, page 2-2 and Section 2.3.2, page 2-6: The CMS utilized an outdated version of
ProUCL (version 4.1.01, USEPA, 2011).  Future risk assessment should use the most recent
ProUCL version to derive exposure point concentrations.

Bluestone Coke Response No. 2

The current version of ProUCL was used at the time of the first draft and comported with previous
SMA risk assessments. For this revised risk assessment, the data were uploaded into the most
recent version of ProUCL version 5.1 (USEPA, 2016) to calculate new EPCs and statistics.

USEPA Comment No. 3

Section 2.2, page 2-2: It is assumed that chromium was not speciated during analysis.
Therefore, as a conservative measure, all chromium results should be assumed to be hexavalent
chromium for both the screening process and in the calculation of risks, hazards and remedial
goal options; or speciated chromium data should be provided for EPA review.
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Bluestone Coke Response No. 3

Chromium was not analytically speciated and for the draft risk assessment, screening values
representing hexavalent chromium were utilized for the revised risk assessment.

USEPA Comment No. 4

Section 2.3.3.1, page 2-7:  USEPA has updated its Standard Default Exposure Factors (EPA,
2014b) to reduce variability and uncertainty in the exposure assumptions for human health risk
assessments.  Please revise the report to use this new directive.

Bluestone Coke Response No. 4

The revised risk assessment utilized all default exposure parameters as provided in the USEPA
2014 publication.

USEPA Comment No. 5

Section 2.5, page 2-16:  This section mentions that if the HI is greater than 1, separate HIs will
be estimated for each target organ to assess whether the HI for a specific target organ is greater
than 1.  The risk characterization fails to evaluate cumulative target organ/critical effect HIs.  This
is a necessary step in risk assessment and will also reduce uncertainties pertaining to chemical
interactions.  All tables and corresponding noncancer estimates pertinent to target organ analysis
should be revised.

Bluestone Coke Response No. 5

The segregation of HIs per target organ/system was performed in this revised risk assessment
(Tables 2.11 and 2.13).

USEPA Comment No. 6

Section 2.5, page 2-19:  This section briefly discusses the results of the groundwater data
compared against EPAs vapor intrusion screening levels (VISLs).  A more thorough evaluation of
the VI pathway is needed in the CMS Report that is consistent with EPA’s latest VI guidance (e.g.,
EPA 2015, EPA 2014e, and EPA 2012c).  This evaluation would include identifying any data gaps,
if any, and documenting the evaluation.  Furthermore, EPA guidance recommends a multiple lines
of evidence approach (EPA, 2012c) provide the best means of evaluating the vapor intrusion
pathway.  Please revise this section by summarizing the findings of the vapor investigation based
on multiple lines of evidence.  In addition, a figure should be provided that identifies locations
where shallow groundwater concentrations exceed groundwater VISLs (EPA, 2014f); a figure
should be provided that identifies any occupied buildings.  Are any of the specific wells that exceed
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groundwater VISLs located within 100 feet of existing, occupied buildings?  If yes, is there a
groundwater contaminant plume in shallow aquifers underlying the existing buildings?

Bluestone Coke Response No. 6

The risk assessment section will address the estimated risk to industrial workers via vapor
intrusion. A discussion of Vapor Intrusion is discussed in Section 3.1.4.

USEPA Comment No. 7

Section 2.6, page 2-20: The uncertainty section identifies the lack of surface soil data as an
uncertainty.  This data gap raises an interesting and difficult question:  How to address the risk
from potential soil contamination from SWMUs/AOCs when that contamination is likely comingled
with raw material (coal, coal dust) and coke breeze (fine-granted coke), both of which have the
same types of constituents?   During a July 19, 2017, site visit, EPA did not see any obviously
distinct and historic surface releases from the identified SWMUs that could be easily distinguished
from raw material/product.  Even if historic surface soil contamination were discovered and
cleaned up, it would shortly be covered (re-contaminated?) by raw material/product from normal
manufacturing operations.

Given that the Coke Manufacturing Plant SWMUs are interspersed within active manufacturing
operations, EPA is open to discussing how a deferred/delayed assessment for the surface soil
within the Coke Manufacturing Plant might work until that future time when the plant closes and
operations cease.  For example, EPA is willing to entertain recommended alternatives that include
a remedy component to account for future sampling and, if needed, cleanup of any surface soil
contamination at the time of plant closure.  This idea of deferred/delayed cleanup is somewhat
analogous to the closure requirement for a RCRA regulated unit in that a general plan for future
soil sampling will need to be included in the CMI Work Plan. This “SWMU/AOC Soil Closure Plan”
will also need to identify the likely general remedial options if future soil sampling at time of closure
finds unacceptable risk (e.g., excavation of top foot, soil covering, institutional controls, etc.).

Bluestone Coke Response No. 7

The following has been added to the Uncertainty Analysis: “Most of the working areas of SMA 3
are covered with pavement; therefore, investigation and potential remediation of surface soil in
SMA3 will be delayed until such time as the plant closes or operations in this are cease.”

USEPA Comment No. 8

Section 2.7, page 2-20:  Several exposure parameters for the chemicals of potential concern
have changed since the risk assessment was conducted in 2013.  Therefore, some of the risk-
based remedial goals (RGs) presented in this report are no longer valid.  EPA recommends that
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the report perform a recalculation of site risks, hazards and RGs in accordance with current EPA
guidance to ensure that remedial goals are protective of human health.

Bluestone Coke Response No. 8

New risk estimates are calculated in this revised risk assessment utilizing the current USEPA
recommended exposure parameters, and as such, new preliminary cleanup standards (PCSs)
were also calculated.

Identification and Development of Remedial Goal Objectives and General Response Actions

USEPA Comment No. 9

Section 3.1, page 3-1:  The report states that “For constituents that exceeded an excess lifetime
cancer risk (ELCR) of 1E-06 or a HQ of 1, Remedial Goal Objectives (RGOs) were calculated.”
Several of the monitoring wells results exceeded this criteria for vapor intrusion (see Table 2.12);
however, no RGOs are presented to address vapor intrusion.  Since exceedances above the risk
level of 1E-06 or a HQ of greater than 1 were calculated for vapor intrusion, the RGO summary
table should be revised to incorporate this pathway.

Bluestone Coke Response No. 9

A PCS was established for the vapor pathway for naphthalene. It is presented on Table 3-7.

USEPA Comment No. 10

Section 3.2.1, page 3-9:  The report states that “...there is no area of affected soil that can be
calculated; therefore, no soil remediation is recommended.”  The risk analysis assigns a Remedial
Goal Objective and informs how to protect human health from direct exposure to the
contamination evaluated.  What about other - non-numeric - lines of evidence not amenable to
risk calculations to assess sources of contamination?  For example, TARGOST results indicate
pockets of subsurface contamination.  How do the TARGOST results inform the distribution of
observed groundwater contamination?  Do any of the TARGOST and groundwater results identify
areas where subsurface sources of contamination might exist (i.e., are there any specific SWMUs
or other areas which are thought to be contributing significant contamination to the groundwater
contamination)?  For example, could SWMU 37, with its high PCE concentrations in soil, be
considered a potential source area that should be addressed by some in-situ treatment?

The report needs to discuss/address soil leachability and the potential impact from ongoing or
recontamination of groundwater by subsurface sources of contamination noted by the TARGOST
results.
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Bluestone Coke Response No. 10

This section has been revised and includes information about the risk of contaminants leaching
from soil to groundwater in addition to soil that is only above the PCS.

USEPA Comment No. 11

Section 3.2.2, page 3-9:  The report recommends “[A]additional sampling of certain monitoring
wells in SMA-3 for analysis of arsenic, cobalt, and manganese is recommended in addition to
remediation of the groundwater plume.”  Given the source material, the presence of these metals
is not all that surprising.  Since submission of the CMS Report in 2013, additional groundwater
sampling has occurred in 2015/2016.  Was the report’s notice of the need for additional sampling
of certain monitoring wells in SWA 3 satisfied by the sampling performed in 2015/2016?

Please incorporate the latest groundwater sampling results into the CMS Report, and use this
more recent data to identify any data gaps.

Bluestone Coke Response No. 11

The groundwater analytical data obtained in 2016 were included in the database for this revision
to CMS SMA 3.  That data is included in Table A.2.

USEPA Comment No. 12

Section 3.3, page 3-9: FYI:  Crosswalk on Terminology.  The report identifies something called
“Corrective Action Objectives.” This term is primarily related to the following goals:  1) protect
human health and environment, 2) achieve media cleanup standards, and 3) control sources.
However, the report’s use of this term also folds in actions needed to achieve these goals (i.e.,
limit dermal contact, restore groundwater). Use of this term is fine, but please note that this term,
as used in the report, combines two concepts that are, more and more, being separated.

First, what the report calls “Corrective Action Objectives” is also known by two other terms:
1) Remedy Performance Standards and 2) Remedy Threshold Criteria.  These are the
standards/criteria that any remedial alternative must satisfy.
Second, the report’s use of the term “Corrective Action Objectives” also incorporates
another, usually separate, concept known as Facility-Specific Corrective Measures
Objectives (e.g., limiting any dermal contact with contaminated soil or groundwater,
limiting ingestion of contaminated soil and groundwater, returning groundwater to
maximum beneficial use, etc.).  The facility-specific Corrective Measures Objectives are
based on the Remedy Performance Standards/Threshold Criteria, in conjunction with the
current and reasonably expected future land, surface water and groundwater uses and
the identified routes of contaminant exposure to humans and ecological receptors. They
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are the specific goals to help in focusing development of the General Response Actions
and which the recommended remedial alternative must ultimately meet in order to address
the environmental contamination and identified risks at the facility.

Bluestone Coke Response No. 12

Section 3.3 has been revised to better refine the CAOs..

Development of Corrective Action Alternatives

USEPA Comment No. 13

Section 5.0:  FYI: When developing the remedial alternatives, please keep in mind the following
general remedial expectations EPA uses in its cleanup programs (e.g., Superfund, Advanced
Notice of Proposed Rulemaking (Federal Register Vol. 61, 85, May 1, 1996, page 19448):

Use of treatment to address principle threat wastes.
Use of engineering and institutional controls for relatively low long-term threats.
Use of combination of treatment, engineering, and institutional controls to achieve
protection of human health and the environment.
Use of institutional controls to supplement engineering controls.
Use of innovative technology where appropriate (e.g., when innovative technology offers
potential for comparable or superior treatment, less adverse impact, etc.)
Restoration of groundwater to maximum beneficial use.
Remediation of contaminated soils as necessary to prevent or limit direct exposure to
receptors and prevent transfer of unacceptable contamination between environmental
media.

Bluestone Coke Response No. 13

This section has been revised keeping in mind the EPA general remedial expectations.

USEPA Comment No. 14

Table 5-2 or Table 5-3, page 5-2:  FYI: These tables approach building the remedial options
solely based on risk, which is a main driver, but do not forget to do a quick scan of the Agency’s
general expectations for cleanup to see if any of them might also impact how a remedial option is
built (see Comment 13).
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Bluestone Coke Response No. 14

These tables and this section have been revised keeping in mind the EPA general remedial
expectations.

Evaluation of Corrective Action Alternatives

USEPA Comment No. 15

Section 6.2.5 (Media Cleanup Standards):  FYI:  A good point to possibly make to help with
assessing the scope of groundwater cleanup would be a quick discussion of how many orders of
magnitude are needed for the COC groundwater concentrations to reach the cleanup standards.

Bluestone Coke Response No. 15

Section 6.2.5 has been completely re-written and provides an estimated timeframe to obtain
media cleanup standards.

Justification and Recommendation of the Corrective Measures

USEPA Comment No. 16

Section 7.0, page 7-1: This section of the report, being the concluding section, needs to spend
a little time drawing together the various decisions made up to this point through the risk
assessment, calculation of the recommended cleanup standards before recommending the
remedy.  Specifically, something like the following general points need to be made clear in the
opening of Section 7.0:

a. Contaminated media present at this SMA are soil and groundwater.
b. The remediation threshold for groundwater [was/was not] breached and active remediation is

recommended.
c. The remediation threshold for soil [was/was not] breached for an industrial setting, and active

remediation is not recommended.
d. The remediation threshold for soil [was/was not] breached for a construction setting; however,

comparison of the recommended cleanup standards to detected soil contamination does not
indicate any broad areas of contaminated soil in need of active remediation.

e. Controlling remaining sources of contamination [is/is not] needed (i.e., leachability of the soil
and subsurface sources).

f. Soil contamination [is/is not] deemed to be a principle threat in need of active remediation at
this time.  Any contamination in the soil, especially that soil below the water table, will be
addressed through the process of cleaning up groundwater (i.e., if progress in groundwater
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cleanup falters, then DNAPL sources in the subsurface may need to be investigated and
addressed).

g. Vapor Intrusion risk levels [were/were not] breached; mitigation of any affected building will
occur.

After these general facts have been laid out, then the alternative can be identified and presented
as the recommended remedy to address these findings.  In presenting the LUCIPs, the report
needs to clearly explain that the LUCIP’s purpose is as follows:

i. To ensure that the groundwater is not used before remediation is complete.
ii. To ensure that exposure to contaminated soil is mitigated during any future

construction projects. For the reader to understand and appreciate how the LUCIP will
be able to manage the industrial exposure pathway, the report needs to be clear that
the current and future Industrial/Commercial Worker scenario is actually a very short
term “construction-like” worker scenario (exposure to subsurface soil for one work
week per year).

iii. To ensure that land use remains industrial, a setting that has been found to be
protective for the detected soil concentrations.

Bluestone Coke Response No. 16

Section 7.0 has been revised to cover these items.

USEPA Comment No. 17

Section 7.0, page 7-1:  EPA’s main comment on the recommended remedy is that the
groundwater alternative is not accounting for the potential ongoing release of contamination from
the subsurface soil medium (i.e., back-diffusion).  Instead, the recommended remedy is relying
solely on removal of pore water volumes to clean up the aquifer (i.e., the recommended
groundwater remedy does not provide any means to separate, destroy, bind contaminants in the
subsurface soil).  How many pore water volumes are expected to be needed to meet cleanup
standards?  This lack of emphasis could drastically increase the time needed to reach (and
maintain) cleanup standards.

For example, there are two basic remediation approaches to groundwater contamination:

source control/remediation
dissolved phase control/remediation

Source control/remediation in this context can mean either the ongoing originating contaminant
source (e.g., highly contaminated soil, sludge, sediment, solid waste) or contamination that exists
or has migrated in the subsurface soil (e.g., non-aqueous phase liquid (NAPL)) and serves to
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continue to contaminant the groundwater.  Originating contaminant sources may not have been
identified by the sampling to date.  However, the report fails to fully capture/incorporate
subsurface sources the potential groundwater contamination made most obvious as existing
within SMA 3 by the results of the TarGOST study (see Figures 4-1 through 4-5 of the RFI Phase
III Report):

On page 4-3, the RFI Phase III Report states that “The TarGOST® evaluation indicates
the presence of residual and/or NAPL coal tar in and around SWMUs that historically
handled coal tar: SWMU 5 (Coal Tar Storage Tanks); SWMUs 10, 11, and 12 (Coal Tar
Decanters); and SWMUs 7, 8, and 9 (Flushing Liquor Decanter and associated sumps).”
On page 4-7, the RFI Phase III Report states:  “For the purposes of this report (in lieu of
evaluation of the specific NAPL properties), the potential for the NAPL to be a continuing
source of dissolved-phase chemicals was evaluated by comparing the chemicals found in
both NAPL and in the groundwater dissolved-phase plumes. The comparison indicates a
relationship between the occurrence of several of the PAH compounds including BaP,
carbazole, dibenzofuran, the methylnaphthalene isomers and naphthalene. A potential
relationship exists with benzene. These compounds are found in the coal tar NAPL, as
indicated by the chemical analyses of the TarGOST® confirmation samples. The
occurrence of this relationship between the components of the coal tar and the distribution
of the dissolved phase chemicals indicates that the coal tar is a source material to the
dissolved phase plumes.”
On page 3-5 of the RFI Phase III Report, it is stated that “For the purposes of this report,
the chemical analysis of coal tar collected as part of TarGOST® confirmation sampling
was used to qualitatively estimate whether the NAPL is an ongoing source to dissolved-
phase plumes (refer to Section 4.2.3). NAPL mobility also can be addressed by evaluating
the release mechanisms, distribution, age, and monitoring well sampling results. Sloss is
evaluating whether additional NAPL samples can be collected to obtain the desired
analyses; if so, the samples will be collected concurrently with the deep well and BTF well
(cyanide) sampling event and reported in the addendum.”
On page 4-3 of the RFI Phase III Report, it is stated that “Results of the coal tar
investigation [TarGOST] within the Coke Plant indicate that residual and/or NAPL coal tar
is present.”  On page 4-3 of the RFI Phase III Report, it is stated that “Although TarGOST®
points 4, 5, 6, 81, 82, 85, and 87 were not collected and noted by EPA as a potential data
gap (Section 3.1.1), results of the investigation generally suggest that the coal tar is
located in discrete lenses at random depths in borings that are interspersed across the
sample area.”

These few quotes suggest that control of the sources of ongoing contamination to groundwater is
going to need to be factored into groundwater remediation and/or future effectiveness analysis.
For any recommended remedy to successfully address groundwater contamination, significant
source material must be addressed.
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Are there any remaining data gaps that might influence remedy selection or remedy
implementation?  For example, it appears that SWMUs #2 and #3 may be contributing to AOC E
in that MW-74 is quite contaminated.  However, there are no surface, subsurface or TARGOST
sampling points near SWMUs #2 and #3.

Bluestone Coke Response No. 17

Section 7.0 has been revised to account for COCs leaching from the soil to groundwater.

USEPA Comment No. 18

Section 7.0, page 7-1:  FYI:  In this case, the CMS Report recommends a remedy that operates
not at individual SWMUs/AOCs, but at the SWA level.  This leads to some bookkeeping problems
because recommended remedies in RCRA are generally tied back to specific SWMUs or AOCs.
For example, the remedy components concerning the human health soil risks (as expressed by
the data in Table 1) are not easily associated with any particular SWMU or AOC.  Given the
dispersed nature to the soil contamination uncovered during the RFI investigation and expected
at an operating coke manufacturing plant, EPA find it necessary during the remedy selection
process to create a new AOC that can be used to talk about the broader soil contamination from
identified SWMUs and the broader soil contamination associated with the facility operations (e.g.,
AOC G – Coke Plant Soil Contamination).

Bluestone Coke Response No. 18

Section 7.1 has been revised to add the language: “Since the area of soil treatment shown on
Figures 3-1 and 3-2 are not tied back to specific SWMUs or AOCs. It is necessary to designate a
new AOC that can be used to talk about the broader soil contamination from identified SWMUs
and the broader soil contamination associated with the facility operations.  The area identified will
be referred to as AOC G – Coke Plant Soil Contamination as we move into the CMI.”

USEPA Comment No. 19

Section 7.0, page 7-2:  The groundwater monitoring wells located in SMA 3 have only been
sampled once.  Additional groundwater sampling is proposed in order “...to confirm the presence
of the constituents that exceeded the RGOs.”  Although this additional groundwater sampling
occurred in 2015/2016, like Section 8.0 (Additional Activities) found in the CMS Reports for SMAs
1 and 4, this report needs to have a final section that briefly outlines any proposed additional
sampling to fill any identified data gaps.
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Bluestone Coke Response No. 19

After adding in the additional groundwater sampling data collected in 2016.  We did not identify
any data gaps.  Well placement around SWMU 3 is sufficient to monitor AOC E – Coke Plant
Groundwater Plume.

USEPA Comment No. 20

Table 2-1: Table 2.1 does not seem to contain all of the soil samples collected from the RFI.  For
example, 37-TG3, 37-TG002, 37-SB002, 37-SB003 (e.g., see Figure 3-2, Figure 4-26 of RFI
Phase III Report).

Bluestone Coke Response No. 20

We searched the data base for missing soil analytical data.  Analytical data were only found for 2
samples collected from 37-SB002 and two samples from 37-SB003.  This analytical data was
incorporated into this report and all of the calculations conducted herein.

USEPA Comment No. 21

Figure 3-2: SWMUs 1A, 2A and 3A cover Quench Tower A.  SWMUs 1B and 2B cover Quench
Tower B.  Only the SWMUs associated with Quench Tower A are identified in Figure 3-2.  Please
have Figure 3-2 distinguish between and identify both Quench Towers and their respective
SWMUs (see RFI Phase III Report, page 3-5).

Bluestone Coke Response No. 21

The quench tower associated with SWMUs 1, 2, and 3 are an old quench tower.  The current
quench towers are not listed as SWMUs.

Editorial Comments

USEPA Comment No. 22

Section 1.3, page 1-5:  The CMS references OSWER Directive 9902.3-2d (May 1994).  The
actual directive is OSWER Directive 9902.3-2A (May 1994).

Bluestone Coke Response No. 22

This has been revised.
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USEPA Comment No. 23

Section 2.0: The title for this section is “Baseline Risk Assessment.”  Given that this risk
assessment assumes that the facility is not uncontrolled for both current and future land use
scenarios, inclusion of the qualifier “Baseline” is misleading.

Bluestone Coke Response No. 23

Section 2.0 has been retitled to “Human Health Risk Assessment SMA 3.

USEPA Comment No. 24

Section 2.3.1, page 2-3:  The report states that “Figure 2.1 presents the CSM for the SMA 3...”
Actually, Figure 2.3 presents the CSM.

Bluestone Coke Response No. 24

The CSEM figure number has been revised to 2.3.

USEPA Comment No. 25

Section 2.5, page 2-18:  The report states “...to only show those wells resulting in ELCRs greater
than 1E-06 or HIs greater than 1.0...”  It is believed that this sentence should read “...to only show
those wells resulting in ELCRs greater than 1E-06 or HQs {emphasis added} greater than 1.0...”

Bluestone Coke Response No. 25

The noted text is no longer pertinent as the approach to determine risks from exposure to
groundwater has been changed from a well-by-well approach to instead, development of one
population of groundwater data compiled from all data for all wells.

USEPA Comment No. 26

Section 3.1, page 3-2:  This section includes the statement “...groundwater COPCs were
determined...”  This should read “...groundwater COCs were determined...”

Bluestone Coke Response No. 26

This has been revised.
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USEPA Comment No. 27

Section 3.1, page 3-1; Table 3-3, page 3-3: It is stated that “For constituents that exceeded an
excess lifetime cancer risk (ELCR) of 1E-06 or a HQ of 1, Remedial Goal Objectives (RGOs) were
calculated.”  However, on page 3-3, the sentence just below Table 3-3 mentions using an “...ELCR
of 1.0E-05 or a HQ of 1.0.” There seems to be a conflict between which level of cancer risk should
be used.

Bluestone Coke Response No. 27

This has been revised.

USEPA Comment No. 28

Table 3-1, page 3-2:  The key for this table and other similar Risk Summary tables does not
explain the meaning of “- - “.  This symbol actually seems to mean that the risk was below either
an ELCR of 1E-05 (or 1E-06) or an HQ of 1.0 for that particular medium and exposure scenario.

Bluestone Coke Response No. 28

The “- - “.has been removed from all of the tables.

USEPA Comment No. 29

Section 3.1, page 3-2:  The Report states that “The Walter Coke facility including all of SMA 3 is
industrial, and future land use will continue to be industrial; therefore, risk values were not
calculated for residential use, nor were residential RGOs established. Risk values were calculated
for the Industrial/Commercial Worker scenario, the construction worker scenario, and the
adolescent trespasser scenario for all completed pathways as appropriate.”  This sentence should
also be present at the beginning of Section 2.0 to inform the reader that the risk assessment is
restricted in its scope.

Bluestone Coke Response No. 29

This verbiage was added to Section 2.0.

USEPA Comment No. 30

Table 3-3, page 3-3:  Should the industrial worker scenario be listed here?
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Bluestone Coke Response No. 30

Table 3-3 has been revised to present both the Industrial Worker and Construction Worker
calculated PCSs..

USEPA Comment No. 31

Table 3-2, page 3-3:  The HQ for chromium is listed as 7.2E-02.  In Table 2.9, the HQ for
chromium is listed as 7.0E-02.  In addition, why are the HQs for chromium and arsenic listed in
Table 3-2 when they have a HQ less than 1.0?

Bluestone Coke Response No. 31

Chromium and arsenic where not determined to be PCS when the risk assessment was updated
and revised.  They are no longer listed on this table.

USEPA Comment No. 32

Tables 3-1 and 3-2, pages 3-2 and 3-3:  The units for these tables are listed as mg/kg.  However,
risk levels are unit less.  Why is EPC listed in the key for these tables?

Bluestone Coke Response No. 32

Units have been removed from these tables and EPC is no longer present in the updated tables.

USEPA Comment No. 33

Tables 3-1, 3-2, 3-3, pages 3-2 and 3-3:  The report states on page 3-3 that “The green
highlighted concentrations are the RGO’s determined for the subsurface soil at the site for the
constituents that exceeded an ELCR of 1.0E-05 or a HQ of 1.0.” As described in Section 1.6 and
again in Section 2.3.1, no surface soil analytical data are available for SMA 3.   Hence, the
industrial worker receptor is evaluated as potentially being exposed to subsurface soil.  Given this
fact, should Tables 3-1, 3-2 and 3-3 be titled Subsurface Soil as opposed to Soil?  In fact, it might
be ultimately clearer to continue to use the term soil, but apply the interval (e.g., Soil (0.5 ft to 15
ft).

Bluestone Coke Response No. 33

These tables have been revised to add the soil interval.
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USEPA Comment No. 34

Tables 3-2 and 3-3, page 3-3:  Chromium and arsenic both have HQs less than 1.0 (i.e., 7.2E-
02, 2.4E-01, respectively).  However, in Table 3-3, an RGO for arsenic based on the HQ is
presented (shaded).  Arsenic is a COC because of cancer risk, not noncancer risk.

Bluestone Coke Response No. 34

All of the tables were revised as part of updating the risk assessment.

USEPA Comment No. 35

Table 3-4, page 3-4 and 3-5:  This table is not listing all of the constituents that exceed an ELCR
of 1E-06 or HQ of 1.  For example, MW-68D, as shown in Table B6.5, has six COCs above and
ELCR of 1Ee-06; however, only three COCs are listed in Table 3-4 (i.e., Benzo(a)pyrene,
Benzo(a)anthracene, and Bromodichloromethane are missing in Table 3-4).  Also, the key for this
table needs to explain the code “- -“.  How does naphthalene have an ELCR for MW-58?
Naphthalene does not have a carcinogenic toxicity value?

Bluestone Coke Response No. 35

All of the tables were revised as part of updating the risk assessment.

USEPA Comment No. 36

Table 3-6, pages 3-6 and 3-7.  There are two tables identified as Table 3-6 (COPC MCLs Table;
RGO Summary Table).

Bluestone Coke Response No. 36

All of the tables were revised as part of updating the risk assessment.

USEPA Comment No. 37

Table 3-6, page 3-7:  The units listed in this table for ELRA and HQ are mg/kg (soil) and ug/L
(groundwater).  Should the ELCR column be Carcinogen Constituents instead of ELCR?
Similarly, should the HQ column be titled Noncarcinogenic Constituents?  The ELCR and HQ
could then be tied to 1.0E-05 and 1.0, respectively.  Alternatively, and probably preferably, the
phrase “Target Risk Level” could be used with a range of risk levels presented as is done in the
CMS Reports for the other SMAs.
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Bluestone Coke Response No. 37

Table 3-6 and 3-7 have been revised.

USEPA Comment No. 38

Table 3-6, page 3-7:  This table needs a key to define “NL.”

Bluestone Coke Response No. 38

A reference to NL has been removed from these tables.

USEPA Comment No. 39

Table 3-6, page 3-7:  The RGO listed for chromium is 929 ppm.  However, the RGO for chromium
listed in Table 3-3 (i.e., green shaded number) is actually 444 ppm.

Bluestone Coke Response No. 39

These tables have been revised with updated results and the corrected numbers match.

USEPA Comment No. 40

Table 3-6, page 3-7.  This table does not include an MCL for chlorobenzene.  There is actually
an MCL for chlorobenzene; it’s 100 ug/L.

Bluestone Coke Response No. 40

Chlorobenzene was not determined to be a COC when the risk assessment was revised.  The
MCLs/RSLs should be correct for the COCs determined by the updated risk assessment.

USEPA Comment No. 41

Section 3.2.1, page 3-8:  The report states that “The areal extent of affected surface soil (0.5 to
15-feet bgs)...”  The upper 0.5 feet or the upper 1.0 feet is usually considered to represent surface
soil.  Soil samples collected from the range 0.5 to 15 ft bgs would be a combination of surface
and subsurface soil.  Furthermore, in Section 1.6, the report states that “...surface soil samples
were not collected in SMA 3.” Why is the report referring to surface soil here in Section 3.2.1?
Should the designation “surface” and “subsurface” be dispensed with, and the report just refer to
“soil” followed by the sampling interval?  For example, should the above sentence read: “The
areal extent of affected soil (0.5 to 15-feet bgs)…”.
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Bluestone Coke Response No. 41

This text has been revised throughout the document to reference soil (0.5 to15-feet bls).

USEPA Comment No. 42

Section 3.2.2, page 3-9:  The report states that “...applicable RGOs presented on Tables 3-40
and 3-5.”   The report should read: “...applicable RGOs presented on Tables 3-4 and 3-5.”.

Bluestone Coke Response No. 42

This text has been revised.

USEPA Comment No. 43

Section 5.5, page 5-7; Section 6.2.5, page 6-14: The alternative listed here does not match the
alternative introduced in Section 5.5.  For example, in Section 5.5, there is mention of excavation
and off-site disposal of affected surface soils.  Surface soil excavation is not discussed in Section
6.2.5.

Bluestone Coke Response No. 43

The text has been revised to make Section 5.2.5 and Section 6.2.5 match.

USEPA Comment No. 44

Table 2.9:  The title listed is “...Soil, 1-15 ft depths....”  Should this read “...Soil 0.5 to 15 ft Depths?”

Bluestone Coke Response No. 44

The title of this table has been revised to read “Soil 0.5 to 15 ft Depths.”

USEPA Comment No. 45

Table 2-10: This table lists as “NA” the ELCR for naphthalene for a construction worker.  The
cancer toxicity values available for naphthalene.  Why was the ELCR for naphthalene not
calculated?  Other similar discrepancies between “NA” and the existence of toxicity values (both
ELCR and noncancer hazard) exits (e.g., arsenic)..

Bluestone Coke Response No. 45

Table 2-10 has been revised to correct the confusion with this footnote. Risks associated with
exposure to naphthalene are included in the revised risk assessment.
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USEPA Comment No. 46

Table 2-10: This table is not listing all of the constituents that exceed an ELCR of 1E-06 or HQ
of 1.  For example, MW-68D, as shown in Table B6.5, has six COCs above and ELCR of 1Ee-06;
however, only three COCs are listed in Table 2-10 (i.e., Benzo(a)pyrene, Benzo(a)anthracene,
and Bromodichloromethane are missing in Table 2-10).  Thallium is also missing from MW-68D
in Table 2-10; it has an HQ of 4.64E+00.  Furthermore, why is naphthalene listed in Table 2-10,
it does not exceed an ELCR of 1E-06 or HQ of 1.

Bluestone Coke Response No. 46

Table 2-10 has changed substantially for the revised risk assessment. Rather than a well-by-well
approach for risk calculations, data has been compiled and EPCs generated by following OSWER
Directive 9283.1-42, February 2014, Determining Groundwater Exposure Point Concentrations,
Supplemental Guidance. The table presents all chemicals found to have ELCRs that exceed 1E-
06 and HQs of 1.

USEPA Comment No. 47

Table 2-10: Including the “Well Total” for just the constituents listed here is misleading.  It implies
that this is the total risk for that well (i.e., risk from all constituents even if less than ELCR of 1E-06
or HQ of 1), when in actuality, the well total in Table 2-10 is just a sub-total of the cumulative risk
as presented in Table B6.5.

Bluestone Coke Response No. 47

Table 2-10 has been changed substantially for the revised risk assessment, as discussed in
response to Comment 46. The issue noted in this comment is no longer applicable.

USEPA Comment No. 48

Table 2.11:

a. The RfC for chromium is incorrect.  The CMS should use the value provided in IRIS of
1.0E-04 mg/m3, for hexavalent chromium.  All tables and corresponding risk estimates
should be revised.

b. The RfC for iron is incorrect.  At this present time, no RfC values exist for iron.  All tables
and corresponding risk estimates should be revised.

c. The RfC for manganese is incorrect.  The CMS should use the value provided in IRIS of
5.0E-05 mg/m3.  All tables and corresponding risk estimates should be revised.
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Bluestone Coke Response No. 48

The revised risk assessment incorporates current toxicity factors and ensures that the tox
values for hex chromium, iron, and manganese are correct.

USEPA Comment No. 49

Table 2-12:  When updating the Vapor Intrusion Screening Level (VISL) Tool, please look into
adding site specific groundwater temperature.  The default temperature for VISL is 25° C.  A map
highlighting occupied buildings should be developed, and each building’s occupants should be
identified by work task.  Where it makes sense, please apply the VISL results to near-by occupied
buildings.

Bluestone Coke Response No. 49

The site-specific groundwater temperature data available to use as input to the VISL indicates
the average groundwater temperature should be below the VISL default of 25C; however, we
did not have representative temperature readings from an entire year of data.  Therefore, the
default value was used. Hence, the VI risk results may be overestimated, a point discussed in
the revised risk assessment Uncertainty Section. A discussion of the lines of evidence to
evaluate the vapor intrusion pathway is presented in Section 3.1.4.

USEPA Comment No. 50

Figure 3-2:  PCE is listed as a constituent MW-81 (i.e., PCE = 16,000 ppb).  This value seems to
actually be associated with toluene, not PCE.  Please check.

Bluestone Coke Response No. 50

All Figures have been revised with the update to the HHRA.

USEPA Comment No. 51

Appendix A, Table 1:  The title listed is “Chemicals of Potential Concern (COPCs) – Soil 0 – 15
ft Depths.”  Should this read “...Soil 0.5 to 15 ft Depths?”

Bluestone Coke Response No. 51

The table title has been revised to “Soil 0.5 to 15 ft Depths.”

USEPA Comment No. 52

Appendix A, Table 1:  This table should indicate to what exposure scenario(s) the listed RGOs
are referring.
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Bluestone Coke Response No. 52

PCSs presented are not specific for pathway, instead they are calculated based on cumulative
risk over all pathways.

USEPA Comment No. 53

Table B.6.27: This table lists only inhalation and dermal absorption of chemicals in groundwater
during trenching.  Should incidental ingestion also be listed here?

Bluestone Coke Response No. 53

The text has been revised to indicate that the two important groundwater pathways for evaluation
of a construction worker in a trench are dermal absorption and inhalation of volatiles that may
accumulate. The earlier version of VDEQs trenching model guidance (2010) had indicated that it
is not anticipated that construction workers will spend appreciable time working in a trench that
had flooded. While there is an opportunity for feet/lower legs to become wet, that ingestion of
groundwater would be so low as to be insignificant, not meriting calculation. The bullet list in that
section remains as-is, as does Figure 2-3 the CSEM, that shows the dermal absorption and
inhalation pathways as the only complete pathways meriting quantification.

CLOSING

If you should have any questions, please do not hesitate to contact us at (205) 942-1289.

Sincerely,

Terracon Consultants, Inc.

Terrell W. Rippstein, AL-PG#8
Principal Geologist

cc: Ms. Meredith Anderson; USEPA Region 4
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Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Atlanta, Georgia 30303-8960

SMA 3 -Coke Manufacturing Plant (Revision 1.0)
Administrative Order on Consent - Docket # RCRA 04-2012-4255
Bluestone Coke
3500 35th Avenue North

Dear Mr. Hardegree:

On behalf of Bluestone Coke, LLC (Bluestone Coke), Terracon Consultants, Inc. (Terracon)
is pleased to submit the enclosed revisions to the Corrective Measures Study (CMS) SMA 3–
Coke Manufacturing Plant (Revision 1.0) for the above-referenced site.  These revisions have
been prepared in response to Final Comments dated 5/7/2021 for the Corrective Measures
Study for SMA 4 – Former Chemical Plant and the USEPA Global Comments dated 8/21/2015
from the United States Environmental Protection Agency (USEPA) Region 4. The individual
comments and responses are provided on the letter included with this submittal and
incorporated into this CMS. Bluestone Coke purchased certain Bluestone Coke assets in
February 2016, this report has also been revised to reflect the name change.

If you should have any questions, please do not hesitate to contact us at (205) 942-1289.

Sincerely,
Terracon Consultants, Inc.

cc: Ms. Meredith Anderson; USEPA Region 4
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Terracon Consultants, Inc.     2147 Riverchase Office Road     Birmingham, Alabama 35244
P [205] 942 1289      F [205] 443 5302     terracon.com

October 21, 2021

Blueston Coke
4200 F.L. Shuttlesworth Drive
Birmingham, Alabama 35207

Attention: Mr. Don Wiggins

Re: Corrective Measures Study
SMA 3 – Coke Manufacturing Plant (Revision 1.0)
Bluestone Coke
3500 35th Avenue North
Birmingham, Alabama 35207
US USEPA ID No. ALD 000 828 848
Terracon Project No. E1137112

Dear Mr. Wiggins:

Terracon Consultants, Inc. (Terracon) is pleased to submit this Corrective Measures Study (CMS)
SMA 3-Coke Manufacturing Plant (Revision 1.0).

Should you have any questions or require additional information, please do not hesitate to contact
our office.

Sincerely,
Terracon Consultants, Inc.

Terrell W. Rippstein, P.G. Andy Smith, P.E.
Principal Geologist Senior Project Engineer
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Corrective Measures Study
SMA 3 – Coke Manufacturing Plant (Revision 1.0)

Bluestone COKE
4200 F.L. SHUTTLESWORTH DRIVE

BIRMINGHAM, ALABAMA
US USEPA ID No. ALD 000 828 848

Project No. E1137112
October 21, 2021

EXECUTIVE SUMMARY

Background

A RCRA Section 3008(h) Administrative Order on Consent (the “2012 Order”) with the effective
date of September 24, 2012, was signed by Walter Coke and the USEPA.  In 2016, Bluestone
contractually assumed the RCRA Order obligation of Walter Coke through bankruptcy
proceedings and the RCRA Section 3008(h) Administrative Order on Consent (the “2016 Order”)
was reissued and modified to reflect the name change to Bluestone Coke and was signed by
Bluestone Coke and the USEPA.  The effective date of the 2016 Order is August 1, 2016. The
objectives of the 2016 Order remained the same as previously outlined in the 2012 order. Under
the 2016 Order, the Coke Manufacturing Plant (CMP) is Solid Waste Management Unit (SWMU)
Management Area (SMA) 3. There are 45 SWMUs, 6 AOCs, and 5 SMAs listed at the facility.
This CMS has been prepared for SMA 3.  SMA 3 contains twelve SWMUs and one Area of
Concern (AOC):

SMWU 1 – Quench Towers and Sumps
SWMU 2 – Quench Tower Pump Basin
SWMU 3 – Old Quench Tower Settling Basin
SWMU 5 – Coal Tar Storage Drainage System
SWMU 6 – Spill Area Around Diesel Tank
SWMU 7 – Coal Tar Collection Sump
SWMU 8 – Flushing Liquor Decanter
SWMU 9 – Flushing Liquor Decanter Sump
SWMU 10 – Coal Tar Decanter
SWMU 11 – Coal Tar Decanter
SWMU 12 – Coal Tar Decanter
SWMU 37 – BTF Sewer Tar Trap
AOC E – Coke Plant Groundwater Plume

The operation of the facility now owned by Bluestone Coke can be traced back to 1881 when
Sloss-Sheffield Steel and Iron Company first began producing pig iron in Birmingham, Alabama.
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In 1920, Sloss-Sheffield Steel and Iron Company built two modern coke oven batteries, at the
time in North Birmingham, to serve its own needs as well as those of other customers. As
Birmingham's steel industry grew, so did the need for furnace coke, which prompted the
construction of three more batteries at the site during the 1950s.

The original coke manufacturing facility began operation in 1920 as Sloss Sheffield Steel and Iron
Company.  Beginning in 1952, the company experienced a series of corporate reorganizations
and several name changes.  Then, in February 2016, the facility was purchased by Bluestone
Coke.  The following operations have occurred at the facility:

The biological treatment facility (BTF), designed to treat wastewater generated at the
facility, was constructed in 1973-74, first received wastewater in 1975 and is still in
operation today. SMA 1 includes the BTF Process Area.

Land Disposal Areas (LDAs) have been used at various times over the life of the
facility. Biological sludge, blast furnace sludge, and construction and demolition debris
have been placed in the land disposal areas. SMA-2 includes the LDAs.

Coke manufacturing has occurred since 1920 and 120 coke ovens continue to
operate. SMA-3 includes the Coke Manufacturing Plant.

Chemical manufacturing began at the facility in 1948 and all chemical manufacturing
operations ceased in 2002. In addition, a mineral wool plant which manufactured
mineral fiber used in the production of ceiling tile and insulating products was built in
late 1947 and was decommissioned in 2010. SMA-4 includes the FCP and the mineral
wool piles.

An iron blast furnace that produced pig iron from iron ore began operation in 1958;
blast furnace operations ceased in 1981, and the blast furnace was decommissioned
in 1984. SMA-5 includes the Former Pig Iron Foundry.

Key Conclusions from this CMS

1. The CMS shows that no corrective action is needed in SMA 3 to address off-site residents.
The CMS shows that any risks are so low as to be negligible because:

a) The contaminant plumes are all contained within the site boundaries.
b) There is no media in SMA 3 that off-site residents could plausibly be exposed to.

2. Any risks to human health or the environment from SMA 3 soil (0.5 to 15-feet bls) do not
warrant corrective action as long as the site is nonresidential because risks from these
soils fall within USEPA’s acceptable range for industrial and construction workers except
for naphthalene.  Recommended land-use controls will ensure that the site remains
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nonresidential and provide a mechanism to limit industrial and commercial workers
exposure.

3. In-situ treatment is recommended for certain soil source areas in order to address the
potential for leaching from those soils into groundwater.  The goal of treatment will be to
lower soil concentrations of the relevant contaminants to below the leachability screening
levels on a domain averaging basis.  In addition, groundwater in the area of the soil source
areas will receive some treatment as an ancillary benefit of this soil treatment.  This will in
turn help to reduce contaminant mass within the groundwater plume.  This treatment will
help ensure the effectiveness of the recommended groundwater remedy.

4. A pump and treat remedy is recommended for groundwater in SMA 3 in order to attempt
to restore groundwater to the extent feasible and to address the calculated assumed risk
to construction and industrial workers.  Although addressing these calculated risks to
construction and industrial workers is one of the goals of the recommended groundwater
corrective action, the CMS likely overstates the risks to these workers for at least the
following reasons:

a) As to construction workers, if underground construction work occurs before
corrective action is completed, the recommended land use control plan (LCP)
would mitigate risks with measures like PPE requirements and/or excavation
permits.

b) As to current industrial workers, the only potentially complete groundwater
exposure pathway is vapor intrusion for naphthalene. The remedy includes
remediation of groundwater and thereby reduces the risk from vapor intrusion The
two groundwater plumes with naphthalene exceeding the VIS and the buildings
within them will be assessed using a multiple lines of evidence approach (OSWER
Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from
Subsurface Vapor Sources to Indoor Air, USEPA June 2015) during the
Corrective Measure Implementation (CMI) to determine if -further-action is
warranted. If further action is determined to be necessary, the plan of action will
be included as part of the CMI Workplan.

c) For future industrial workers, the vapor intrusion considerations applicable to
current industrial workers apply.  Also, though these workers were assumed to
use groundwater for potable purposes like showering, such use of groundwater
does not currently exist, and it is unexpected and extremely unlikely to be used
for those purposes in the future. It would also be contrary to generally applicable
local law that prohibits the use of groundwater for potable purposes.  Thus, the
calculated risks associated with a future industrial worker’s use of groundwater
for potable purposes are purely hypothetical.  Even so, the recommended
corrective action will reduce these risks.
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Overview of CMS Analyses

A human health risk assessment (HHRA) is presented in this CMS.  The HHRA was prepared to
determine if constituents detected exceed carcinogenic risks of 1E-06 and/or noncarcinogenic
hazard quotients in excess of 0.1 based on certain conservative exposure assumptions.  Site
media included in the risk assessments included soil (0.5 to 15 ft bls) and groundwater.

In addition, cleanup goals were calculated for constituents that exceeded the carcinogenic and
noncarcinogenic risk thresholds for receptors for which the site-wide calculated or assumed ELCR
exceeded USEPA’s acceptable range.

As discussed in the OSWER Directive 9355.0-30 dated April 22, 1991, acceptable risk levels,
where the cumulative carcinogenic risks to an individual based on reasonable exposure, can
range from 10-4 to 10-6 as long as the cumulative excess lifetime carcinogen site risk is less than
10-4 and the noncancer hazard quotient (HQ) is less than 1.  PCSs were calculated for each
receptor for each media type with an excess lifetime cancer risk (ELCR) of 10-4, 10-5, and 10-6 or
a HQ of 3, 1, and 0.1.  In order to meet the goal of the cumulative excess lifetime carcinogen site
risk being less than 10-4 across all media, the analytical samples from each sample media were
compared to the calculated PCS with the ELCR of 10-5 or a HQ of 1.0. The value for the most
conservative receptor (lowest value) for the 10-5 target risk level or HQ of 1.0 was selected as the
PCS for human health exposure.

As part of the CMS, corrective action alternatives were identified, screened, and evaluated in
terms of effectiveness, implementability, and cost so the most protective, efficient, and
economical remedial alternative could be identified and selected to remediate media that
exceeded the calculated PCSs.  The six alternatives evaluated are summarized below:

Alternative 1 No Action
The No Action alternative assumes that no further remedial action will occur at the
site and has been included to establish a baseline for alternative comparison.

Alternative 2 Physical, Legal, and Administrative Barriers (Land Use Controls)
The Physical Barrier, Legal Barrier, and Administrative Barrier (Institutional
Control) alternatives consist of administrative and physical mechanisms to place
restrictions on the use of and limit access to the site and/or specific SWMUs/AOCs
to prevent exposure to site contaminants.

Alternative 3 Land Use Controls + Groundwater Monitoring
The Land Use Controls and Groundwater Monitoring alternative consists of a
combination of technologies including administrative land use controls and
groundwater monitoring.  This alternative would meet the corrective measure
objectives by monitoring the contaminated site groundwater to ensure the
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groundwater constituent concentrations are stable and implementing a Land Use
Control Plan (LUCP) to protect future receptors in the unlikely event the land use
changes.

Alternative 4 Land Use Controls + In-Situ Soil Source Area Treatment + In-Situ
Groundwater Treatment + Groundwater Monitoring
The Land Use Controls, In-Situ Soil Source Area Treatment, In-Situ Goundwater
Treatment, and Groundwater Monitoring alternative consists of a combination of
technologies including administrative land use controls, in-situ injection to treat
groundwater, and groundwater monitoring.  This alternative would meet the
corrective measure objectives by reducing and/or eliminating exposure to the
affected site media (see Section 3.3) through injection of bacteria or chemicals to
remove contaminants and the development and implementation of a LUCP to
protect future receptors in the unlikely event the land use changes. In addition,
long term groundwater monitoring would ensure that the groundwater plume does
not leave the site.

Alternative 5 Land Use Controls + In-Situ Soil Source Area Treatment + Groundwater
Removal and Treatment + Groundwater Monitoring
The Land Use Controls, In-Situ Soil Source Area Treatment, Goundwater Removal
and Treatment, and Groundwater Monitoring alternative consists of a combination
of technologies including administrative land use controls, in-situ injection to treat
the soil source area, groundwater removal and treatment to reduce contaminant
levels, and groundwater monitoring.  This alternative would meet the corrective
measure objectives by reducing and/or eliminating exposure to the affected site
media (see Section 3.3) through injection of bacteria or chemicals to remove
contaminants, removal of contaminants through groundwater extraction, and the
development and implementation of a LUCP to protect future receptors in the
unlikely event the land use changes. In addition, long term groundwater monitoring
would ensure that the groundwater plume reaches the Corrective Action
Objectives (CAOs).

Based on the conclusions of the detailed analysis that was performed individually and collectively
with respect to the five alternatives, one alternative was recommended to address potential
contamination of the impacted media.  The selected alternative is listed below:

Alternative 5 Land Use Controls + In-Situ Soil Source Area Treatment + Groundwater
Removal and Treatment + Groundwater Monitoring
The Land Use Controls, In-Situ Soil Source Area Treatment, Goundwater Removal
and Treatment, and Groundwater Monitoring alternative would be the most efficient
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and economical method to meet the CAOs for SMA 3 and provide long-term
protection of human health and the environment.
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Corrective Measures Study
SMA 3 – Coke Manufacturing Plant (Revision 1.0)

BLUESTONECOKE
3500 35th AVENUE NORTH
BIRMINGHAM, ALABAMA

Project No. E1137112
October 21, 2021

 INTRODUCTION

The Bluestone Coke, LLC (Bluestone Coke) facility is located at 3500 35th Avenue North in
Birmingham, Jefferson County, Alabama (Figure 1-1).  This Corrective Measures Study (CMS)
for SMA 3 has been prepared in accordance with paragraph 29 of the Order on Consent with
effective date of August 1, 2016.  A map of the current facility including the 45 Solid Waste
Management Units (SWMUs), six Areas of Concern (AOCs), and five SWMU Management Areas
(SMAs) is included as Figure 1-2.

The roots of the facility can be traced back to 1881 when Sloss-Sheffield Steel and Iron Company
first began producing pig iron in Birmingham, Alabama. In 1920 where Bluestone Coke sits today,
Sloss-Sheffield Steel and Iron Company built two modern coke oven batteries to serve its own
needs as well as those of other customers. As Birmingham's steel industry grew, so did the need
for furnace coke, which prompted the construction of three more batteries at the site during the
1950s.

As American industry evolved in the ensuing years, so did Bluestone Coke (formerly known as
Sloss Industries). Today, Bluestone Coke is a highly efficient, technologically advanced operation
serving a variety of customers in the furnace and foundry markets.

The operation now consists of three batteries with a total of 120 coke ovens which produce
approximately 460,000 tons of coke each year. A highly experienced operating staff provides
assurance of adherence to strict operating, environmental, and safety standards.

The original coke manufacturing facility began operation in 1920 as Sloss Sheffield Steel and Iron
Company. Beginning in 1952, the company experienced a series of corporate reorganizations
and several name changes culminating in a name change to Walter Coke, Inc. in June 2009, and
then the purchase of the coke plant assets by Bluestone Coke occurred in February 2016.  The
following operations have occurred at the facility:

The biological treatment facility (BTF), designed to treat wastewater generated at the
facility, was constructed in 1973-74, first received wastewater in 1975 and is still in
operation today. SMA 3 includes the BTF Process Area.
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Land Disposal Areas (LDAs) have been used at various times over the life of the
facility. Biological sludge, blast furnace sludge, and construction and demolition debris
have been placed in the land disposal areas. SMA-2 includes the LDA.

Coke manufacturing has occurred since 1920, and 120 coke ovens continue to
operate. SMA-3 includes the Coke Manufacturing Plant.

Chemical manufacturing began at the facility in 1948, and all chemical manufacturing
operations ceased in 2002. In addition, a mineral wool plant, which manufactured
mineral fiber used in the production of ceiling tile and insulating products, was built in
late 1947 and was decommissioned in 2010.

An iron blast furnace that produced pig iron from iron ore began operation in 1958;
blast furnace operations ceased in 1981, and the blast furnace was decommissioned
in 1984. SMA 5 includes the Former Pig Iron Foundry (FPIF).

The land around the Bluestone Coke facility is zoned for industrial and residential use, and a
significant number of other industrial facilities remain operational in the area. Before 1957, the
area was primarily industrial, with a significant number of other facilities, including coke and
cement manufacturing plants, pipe manufacturing plants, and limestone quarry operations.
Residential neighborhoods were constructed on properties in the area of Bluestone Coke only
after 1957 (USEPA, 1990). The most likely future land use for the Bluestone Coke facility is
industrial.

1.1 1989 RCRA Order

The following provides a brief chronological overview of key points in the regulatory history
associated with the 1989 RCRA Order:

August 1989 - USEPA completed the RCRA Facility Assessment (RFA).
September 29, 1989 - Section 3008(h) Administrative Order 89-39-R was issued to
Bluestone Coke to perform an RFI and to perform a CMS.
October 24, 1990 – After a challenge to the 1989 Administrative Order, USEPA and the
company entered into a Modification to the Administrative Order and Settlement
Agreement, which then governed work at the facility.
1990 to 1994:  Bluestone Coke initiated planning for the RFI to characterize the nature,
extent, and rate of contaminant migration from the identified SWMUs, and submitted a
draft RFI Work Plan to USEPA for review and approval.
The RFI Work Plan, which outlined an approach for investigating the 39 SWMUs, was
approved by USEPA in 1994.
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1995 and 1996 – A Facility-Wide Investigation (FWI) was completed to develop a
conceptual hydrogeologic and hydrologic model of the facility.
1996 to 1999 – Numerous RFI field investigations were conducted and reports submitted
to USEPA.
2000 to 2001 – Phase II field investigations were conducted.
2002 – Interim Remedial Measures (IM) Work Plan for the Chemical Plant was submitted
to USEPA.

In an effort to help USEPA complete its environmental indicator (EI) determinations for the site
and thereby help USEPA meet its Government Performance Results Act (GPRA) goal to show
that human exposures and groundwater releases were controlled by September 30, 2005, the
following activities that are specific for EI determination were completed:

February 2005 –Proposed EI Sampling Plan submitted.
o March 2005 – USEPA approved the EI Sampling Plan.
July 2005 - Consolidated Overview of Environmental Data in Support of the EI
Determination submitted.
o September 30, 2005 – USEPA issued the final EI evaluation of the facility’s status in

relation to RCRA Information System (RCRIS) CA Codes 725 and 750. The CA 725
decision was noted as “Yes”; the CA 750 decision was noted as “No”.

o March 16, 2012 - USEPA issued another EI evaluation of the facility’s status in relation
to RCRA Information System (RCRIS) CA Codes 725 and 750. The CA 725 decision
was noted as “No”; the CA 750 decision was noted as “No”.

Following the completion of the EI activities, USEPA and ERP Coke focused on the next phase
of RFI activities.

2006 – USEPA issued technical comments on several RFI reports.
2007 – Phase III RFI Work Plan was prepared and approved by USEPA.
2009 –Draft Phase III RFI Report submitted.
o June 2009 –Addendum to the Phase III report submitted.

1.2 2012 and 2016 RCRA Orders

A RCRA Section 3008(h) Administrative Order on Consent (the “2012 Order”) with the effective
date of September 24, 2012, was signed by Walter Coke and the USEPA.  In 2016, Bluestone
contractually assumed the RCRA Order obligation of Walter Coke through bankruptcy
proceedings and the RCRA Section 3008(h) Administrative Order on Consent (the “2016 Order”)
was reissued and modified to reflect the name change to Bluestone Coke and was signed by
Bluestone Coke and the USEPA with an effective date of August 1, 2016.  The objectives of the
2016 Order remained the same as previously outlined in the 2012 order.  The 2012 Order
declared that all of the approved investigation tasks of the RFI Work Plans required by the 1989
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Order had been completed by Walter Coke and that the 1989 Order was terminated and no longer
in effect. In the 2012 Order, there are 45 SWMUs, 6 AOCs, and 5 SMAs at the facility (Figure 2)
listed. Bluestone Coke has assumed responsibility for performing activities under the Order.

As part of the Orders, a Corrective Measures Study (CMS) is being prepared for each of the 5
SMAs to evaluate the need, if any, for corrective measures. The dates of previously submitted
reports are

CMS SMA 1 (Revision 1.0) – January 24, 2014
CMS SMA 2 –July 22, 2013
CMS SMA 3 (Revision 1.0) – October 21, 2021
CMS SMA 4 (Revision 1.1) – April 14, 2017
CMS SMA 5 (Revision 1.2) – April 14, 2017

1.3 Corrective Measures Study (CMS) Overview

The CMS is the portion of the RCRA corrective action process designed for the identification and
evaluation of potential remedial alternatives for conditions that have been documented at a facility
(USEPA, 1994).  Once properly evaluated with respect to criteria such as overall protectiveness,
effectiveness, and costs, risk managers should have sufficient information to select and initiate
the implementation of remedies, if any.

The purpose of this CMS Report is to summarize the evaluation, analysis, and selection of
appropriate corrective action at SMA 3.  SMA 3 consists of twelve SWMUs and one AOC
(Figure 1-3). They include:

SMWU 1 – Quench Towers and Sumps
SWMU 2 – Quench Tower Pump Basin
SWMU 3 – Old Quench Tower Settling Basin
SWMU 5 – Coal Tar Storage Drainage System
SWMU 6 – Spill Area Around Diesel Tank
SWMU 7 – Coal Tar Collection Sump
SWMU 8 – Flushing Liquor Decanter
SWMU 9 – Flushing Liquor Decanter Sump
SWMU 10 – Coal Tar Decanter
SWMU 11 – Coal Tar Decanter
SWMU 12 – Coal Tar Decanter
SWMU 37 – BTF Sewer Tar Trap
AOC E – Coke Plant Groundwater Plume

This CMS has been prepared to identify remedial alternatives identified for SMA 3. As part of the
CMS activities, a Risk Assessment Work Plan (Revision 1.1) was submitted to USEPA on March
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6, 2013.  The Risk Assessment Work Plan was approved by USEPA on March 15, 2013. In
accordance with that Plan, the Risk Assessment prepared as part of this CMS, will consider risk
in SMA 3 and clean up goals for the various constituents present in SMA 3. The CMS will also
identify and compare remedial alternatives for affected media present in SMA 3.  The data set
utilized to conduct the Risk Assessment was a comprehensive Microsoft Access database
provided to Terracon by CH2MHILL. In addition, most monitoring wells were resampled during
data acquisition activities conducted in December 2015.  It is our understanding that this database
is inclusive of the data collected at the site during all investigations previously conducted at the
facility.  Any data collected since receipt of the data from CH2MHILL has been incorporated into
the database.  The Risk Assessment being performed during the CMS process derives and
characterizes potential risks to human health and the environment.  Carcinogenic risks in excess
of 1E-06 and/or noncarcinogenic hazard quotients in excess of 1.0, were used to delineate areas
and volumes of affected media, and corrective action alternatives were developed and evaluated
as possible site cleanup remedies.  This CMS focuses primarily on addressing the potential risks
posed to site receptors from exposure to contaminants at SMA 3.

Four fundamental phases or steps, as shown in the diagram below, are inherent to the
development of any CMS.  Once these steps are defined, a wide range of options exist for
structuring and refining a CMS to meet the specific goals, objectives, and regulatory requirements
associated with a given project site.  Based on the RCRA Corrective Action Plan, OSWER
Directive 9902.3-2A (May 1994), Chapter IV – Corrective Measures Study, this CMS Report was
prepared according to the following steps:

1.4 Site Description

The Bluestone Coke facility is located at 3500 35th Avenue North in Birmingham, Jefferson
County, Alabama, as shown on Figure 1-1.  This active, coke production facility encompasses an
area of approximately 460 acres.  SMA 3 is located on the southern end of the facility, as shown
on Figure 1-2.

Purpose /
Scope of CMS

STEP 1
Identification and
development of

corrective measures
alternatives

STEP 2
Identification &

screening of
technologies and
process options

STEP 3
Evaluation of the

corrective measures
alternatives

STEP 4
Justification and

recommendation of the
corrective measures
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SMA 3 comprises the Coke Manufacturing Plant.  SMWU 1 – Quench Towers and Sumps and
SWMU 2 – Quench Tower Pump Basin are present in the area where the coke is quenched after
it leaves the ovens, to prevent it from burning. SWMU 3 – Old Quench Tower Settling Basins is
the area where the Coke was quenched prior to the addition of the current Coke ovens. SWMU 5
– Coal Tar Storage Area Drain System is the area around the tar tank where drains are present.
SWMU 6 – Spill Area around Diesel Tank is an area where there was a diesel spill around the
former above ground diesel tank.  SWMU 7 – Coal Tar Collection Sump is a sump associated
with the coal tar storage area drainage system.  SWMU 8 – Flushing Liquor Decanter and SWMU
9 – Flushing Liquor Decanter Sump is the area where the flushing liquor is sent to separate water
from tar, after the flushing liquor has been sprayed into the gas offtake system of the Coke ovens.
SWMU 10 – Coal Tar Decanter, SWMU 11 – Coal Tar Decanter, and SWMU 12 – Coal Tar
Decanter are the areas where coal tar is decanted.  SWMU  37 – BTF Sewer Tar Trap is a sump
within the BTF Sewer that collects any residual tar.    AOC E – Coke Plant Groundwater Plume is
the groundwater plume of VOC identified during the Phase III RFI.

1.5 Environmental Setting

 Surface Water Bodies

Five Mile Creek is located immediately adjacent to the north of the site (Figure 1-1).  Surface
water from SWMU 22 and SWMU 40 (which are located in SMA 1) and the permitted treated
waste water from the BTF discharge point flow into Five Mile Creek. Five Mile Creek flows north
and then west to its confluence with the Locust Fork of the Black Warrior River.  Storm water from
SMA 3 runs into drains and ditches which empty into SWMU 25 – Stormwater ditch (SMA 2).
SWMU 25 carries stormwater from site runoff to SWMU 22 – Polishing Pond prior to leaving the
site at the permitted discharge point.

 Bedrock Geology

The facility is underlain by sedimentary rocks that range in age from Cambrian to Pennsylvanian.
The Opossum Valley Fault generally trends northeast to southwest, crossing through the
Bluestone Coke property in the northern portion of the facility at SWMU 22. The majority of the
Bluestone Coke property lies on the hanging wall fault block to the east of the Opossum Valley
Fault. The foot wall of the fault lies to the west and underlies Sand Mountain. The majority of the
Bluestone Coke property is underlain by the Conasauga Formation. The Red Mountain
Formation, Fort Payne Formation, Tuscumbia Limestone, Hartselle Sandstone, Floyd Shale, and
Pottsville Formation outcrop in the small area of the facility on the western side of the fault on the
north side of the facility.  A Geologic Map is included as Figure 1-4. Cross Sections provided in
the CH2MHILL Phase III RFI are included as Figures 1-5 through 1-7.

The Conasauga Formation is Cambrian Age and typically is medium gray, thin- to medium-
bedded limestone. Locally, bedding thickness is reported to range from a few inches to as much
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as 5 feet or more in the massive sections. Massive bedding sections are rare and bedding
thicknesses less than 1 foot are common. Locally, the Conasauga Formation dips to the southeast
at 26 to 32 degrees, with a strike of approximately N45°E. An extensive network of faults and
joints has developed in the Conasauga Limestone because of thrust faulting. The faults and joints
typically trend northeast and northwest. The northeast trending joints (strike of N45°E) dip
approximately 60°NW (approximately perpendicular to bedding), while the northwest trending
joints strike N300W and have subvertical dips. The results of previous investigations indicate that
the upper 2 feet of the Conasauga Formation underlying the Bluestone Coke facility are highly
weathered. Below the weathered surface, the limestone is generally massive, with few fractures.
The limestone is typically hard, with 1- to 2-foot-thick lenses of softer, darker gray shale and
shaley limestone. Occasionally, fractures are present, ranging from a few inches to a few feet
thick. Fracture zones typically contain limestone rubble that exhibits secondary healing by calcite
crystals. Fracture zones typically are encountered in the upper 50 feet of the formation and are
less frequent with increasing depth.

On the western side of the Opossum Valley Fault (in the SWMU 22 area), outcrops of the Hartselle
Sandstone, Tuscumbia Limestone, Fort Payne Chert, Red Mountain Formation, and Pottsville
Formation have been mapped. Brief descriptions of these units are provided below:

Hartselle Sandstone – composed mainly of clean, well-sorted, light-colored, very fine- to
medium-grained quartz sand;
Tuscumbia Limestone – consists of thick-bedded, medium-dark to medium-gray,
crystalline, oolitic, sublithographic, and bioclastic limestone with minor amounts of chert;
Fort Payne Chert – consists of dark-gray sublithographic limestone and dense dark-gray
chert;
Red Mountain Formation – consists of dark-reddish-brown to olive-gray siltstone,
sandstone, and shale with hematite beds;
Pottsville Formation – characterized by alternating beds of sandstone and shale with
numerous coal seams and associated underclays.

The topography of the bedrock underlying the Bluestone Coke facility generally slopes to the north
toward Five Mile Creek (FMC). Top-of-bedrock elevations range from 583.1 feet above mean sea
level (amsl) in the Coke Plant area to 498.6 feet amsl near FMC. Weathering of the Conasauga
Formation has produced undulations in the surface of the bedrock. Several feet of relief have
developed on the bedrock surface. This relief is as much as several tens of feet in some areas of
the property; however, karst features are not evident at the ground surface. Where exposed,
enlargement of bedding planes and fractures appears to have occurred through solution of the
bedrock. Solutionally enlarged fractures and joints primarily are limited to the upper few feet of
bedrock and have been observed up to 1 foot wide.



CMS – SMA 3 Coke Manufacturing Plant (Revision 1.0)
Bluestone Coke  Birmingham, Alabama
October 21, 2021  Terracon Project No. E1137112

Responsive Resourceful Reliable 1-8

 Soils

The majority of the overburden at the Bluestone Coke facility consists of residual soil from
weathered Conasauga Formation (residuum). On and adjacent to Sand Mountain (immediately
west and north of SWMU #22), residual soils have formed on the Hartselle Sandstone and the
Tuscumbia Limestone. Near the Coke Plant and the FCP, industrial fill material is present at
thicknesses ranging from 0.5 to 6 feet. Similar fill material is present in the BTF area. The
overburden ranges in thickness from 2 to more than 20 feet. Native soil over limestone consists
of cohesive, medium-stiff to stiff inorganic clays of low to medium plasticity and high plasticity.
General engineering properties, as indicated by analytical and visual observations of site soil
properties, include high
Near the base of the residuum at the bedrock interface, a zone of more permeable soils has
developed, with chert and highly weathered limestone gravels consolidated from the weathering
of the underlying bedrock. This area typically is referred to as the rubble zone. Where observed,
the rubble zone appears to range up to 2 feet thick. The rubble zone does not appear to be
laterally continuous throughout the facility, but may be a significant water bearing zone locally.

 Hydrogeology

The conceptual hydrogeologic flow model for the site is composed of residuum groundwater,
shallow bedrock groundwater, and deep bedrock groundwater. Groundwater occurs within the
residuum where the water table is higher than the bedrock surface. Groundwater flow through
this material occurs in interstitial pore spaces between the clay particles at a low rate due to the
relatively low permeability. Flow rates may be higher where a concentration of chert gravels at
the bedrock surface has occurred. Within the shallow and deep bedrock aquifers, groundwater
migrates along fractures and bedding planes both horizontally and vertically. Within the shallow
bedrock aquifer, groundwater flow is primarily horizontal due to the interconnectivity of the
fractures. Groundwater within the shallow bedrock discharges to surface water bodies such as
the Lafarge Quarry, surface drainage ditches, and FMC. Deep bedrock groundwater is anticipated
to migrate toward discharge points such as the Lafarge Quarry.

Based on information provided in the Phase III RFI prepared by CH2MHILL, the groundwater
monitoring well network at the Bluestone Coke facility consists of 109 monitoring wells and
piezometers. Monitoring wells and piezometers are constructed of 2-inch diameter, Schedule 40
polyvinyl chloride (PVC) casing and screens with a sand pack. Screens are typically 10 feet long
with a 0.010-inch slot size. The sand pack typically extends a minimum of 2 feet above the top of
the screen, above which a 2-foot bentonite well seal is installed. Neat cement grout, which
typically is installed following hydration of the bentonite seal, extends upward to the ground
surface. A surface isolation casing, usually 10-inch-diameter steel, typically is installed from the
top of bedrock to the ground surface for bedrock monitoring wells at locations where residuum
groundwater is encountered.
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Monitoring wells can be grouped into four classifications based on the various units they monitor,
as described in the following text:

Residuum monitoring wells are those wells with screens that are completed within the
unconsolidated residuum above bedrock or those monitoring wells with screens and sand
filter packs that extend above the top of the bedrock (mixed monitoring). Eleven wells have
been classified as residuum (or mixed) monitoring wells. Most of these wells are located
in the BTF area, primarily surrounding SWMU 13.

Shallow bedrock monitoring wells have screens completed entirely within the Conasauga
Formation, with 10-foot screens generally between 0 and 40 feet below the top of the
bedrock surface. These wells are situated in the fractured and weathered upper portions
of the Conasauga Formation. There are 78 shallow bedrock monitoring wells.

Deep bedrock monitoring wells have 10-foot screens completed between 40 and 300 feet
below the top of the bedrock surface. These wells are situated in the less fractured and
weathered lower portions of the Conasauga Formation, where groundwater flow is
significantly slower than that observed in the shallow bedrock aquifer.  There are 16 deep
bedrock monitoring wells.

Four monitoring wells have been completed in formations other than the Conasauga
Limestone. These non-Conasauga monitoring wells have been installed at SWMU 23 in
SMA 3, on the western side of the Opossum Valley Fault. They are not completed in the
Conasauga Formation and their groundwater elevations are not included in the
potentiometric surface maps developed for either the shallow or deep Conasauga
Limestone flow zones in the Phase III RFI. These wells have been constructed with 10-
foot screens, with total depths ranging from 63 feet to 118.5 feet below ground
surface (bgs).

Three potential water-bearing zones are composed of 1) residuum soils and the upper weathered
bedrock surface; 2) shallow bedrock (20 to 140 feet bgs); and 3) deep bedrock (140 feet bgs).
Water enters the groundwater system in the valley via infiltration of rainfall through the residual
soils and lateral migration of groundwater through the residuum and shallow bedrock aquifer.
Recharge moves vertically downward until it encounters the rubble zone, where lateral
groundwater flow across the bedrock surface may occur. Because of the discontinuous
occurrence of groundwater in the residuum (based on observations during the site wide drilling
efforts) and the relative lack of site wide residuum monitoring wells, a potentiometric surface map
for residuum groundwater has not been developed.

Groundwater flows from the residuum into the shallow bedrock aquifer through fractures and joints
in the Conasauga Formation. Within this formation, groundwater flow is controlled by the
occurrence and relationships among fractures, joints, and bedding planes of the limestone and
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shale. These features are interconnected and comprise the dominant feature of the groundwater
flow systems, providing flow paths for groundwater migration. Significant water-bearing zones in
the Conasauga Formation vary laterally and with depth. The upper weathered bedrock surface,
fractures, and soft, shaley zones in the upper 20 feet to 140 feet appear to be hydraulically
connected, based on historical water level data.

Although recovery rates are slow for wells completed in the deep Conasauga Formation, water
level measurements indicate that the deep zone generally is in hydraulic connection with the more
permeable shallow zones of the Conasauga Formation.

Potentiometric surface maps of the shallow and deep bedrock flow zones were developed for the
facility during the Phase III RFI using water level measurements collected site wide on April 28
and 29, 2008 by CH2MHILL (Figures 1-8 and 1-9). Groundwater gradients depicted in the shallow
bedrock potentiometric surface map, Figure 1-8, indicate that shallow bedrock groundwater
generally flows from southwest to northeast toward FMC with local influence from Lafarge Quarry
operations. The Lafarge Quarry is anticipated to serve as a discharge point for shallow bedrock
groundwater.

Locally, a hydraulic ridge has developed in the shallow bedrock potentiometric surface, trending
generally southeast to northwest and extending from P-19S beneath the Coke Plant toward the
former Chemical Plant and MW-55 (a local groundwater high). Near the former Plant, groundwater
flows radially away from MW-55. Groundwater appears to flow from the former Chemical Plant
offsite to the east. Along the southern boundary of the Bluestone Coke facility, shallow bedrock
groundwater appears to flow to the southeast. Groundwater elevations in the residuum in the BTF
area are as much as 10 feet higher than those recorded in the shallow bedrock aquifer, indicating
recharge of the shallow bedrock aquifer by residuum groundwater.

The inferred groundwater flow direction (based on groundwater gradients) in the deep bedrock
aquifer is generally eastward across the facility (Figure 1-9). At the northern end of the facility
near the BTF, there may be deviations in the flow direction to the northeast, whereas at the
southern end of the facility near the Coke Plant, there may be deviations to the southeast. A steep
gradient is noted around the Lafarge Quarry, which exerts a local effect on the potentiometric
surface through groundwater extraction. Deep bedrock groundwater likely discharges to the
Lafarge Quarry to the east. The pumping of water from the quarries has created hydraulic sinks
in the deep bedrock aquifer, causing deep bedrock groundwater to flow to the east.

 Ecological Setting

Bluestone Coke is a large, active, industrialized facility. Generally, the southern three fourths of
the property is occupied by buildings and structures associated with the coke manufacturing
process, the FCP, as well as raw materials (coal), roads, railways, and active large vehicles (rail
cars). The only area on the facility where industrial activity is less extensive is at the northern end,
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which is occupied by the active BTF and various land disposal areas that have been relatively
undisturbed in recent years. Terrestrial and aquatic habitats in this area are supportive, to varying
degrees, of populations of terrestrial and aquatic plants and animals. FMC, which is immediately
north of the facility boundary, receives treated wastewater discharge via Walter Coke’s NPDES-
permitted outfall. ADEM Administrative Code 335-6-11 provides water use classification for
interstate and intrastate waters. FMC has a “Fish and Wildlife” designation in ADEM
Administrative Code 335-6-11-.02. The Fish and wildlife designation share water quality criteria
established to protect fish consumption, recreation and the propagation and maintenance of a
healthy, well-balanced population of fish and wildlife.

1.5.5.1 Terrestrial Habitats

Terrestrial habitats, although disturbed, are present at this facility and support a variety of plants,
as well as various invertebrates, birds, and mammals. The terrestrial habitats are dominated by
grasses, scrub-shrub, vines, saplings, and deciduous trees. Wildlife noted on the site includes
several bird species (hawks, vultures, sparrows, and songbirds), small mammals (rabbits, foxes,
and beavers), and frogs. SWMUs that have terrestrial habitat include SWMUs 23, 24, 25, 38, 39,
40, and 41. The BTF, located at the northern end of the facility, is characterized by a wooded area
surrounding SWMUs 23, 40, and 41, the open scrub-shrub area of SWMU 24, and maintained
grasses throughout the developed process areas. Surrounding SWMU 25 from the western edge
of SWMU 38 to the property boundary to the west, the property is characterized as a riparian
zone. SWMUs 38 and 39 are characterized as disturbed land containing low-diversity vegetation.
The southern areas of the property, which are highly industrialized, contain no terrestrial habitat
supportive of plant or wildlife communities.  None of the SWMUs described above are located
within the boundaries of SMA 3.

1.5.5.2 Aquatic Habitats

Aquatic habitats are present at SWMUs 13, 22, and 25, as well as at FMC, and support a variety
of plants, invertebrates, fish, birds, and small mammals. Wetland areas have developed in storm
water collection areas such as the southern end of SWMU 22. The SWMU 40 and SWMU 22
discharge into FMC via an outfall area at the northern end of the BTF. Evidence of aquatic flora
and fauna, including cattails, willows, soft rushes, water oaks, frogs, small- and large-bodied fish
species, and macroinvertebrates, can be found in the aquatic habitats onsite and in adjacent
FMC. None of the SWMUs described above are located within the boundaries of SMA 3.

1.6 Evaluation of Previous Data from the SWMUs and AOCs in SMA 3

Surface soil samples were not collected in SMA 3 because the areas not containing structures
are covered by concrete or asphalt surfaces.  Based on a review of the previous reports submitted
for the site, subsurface samples (0.5-15 feet below land surface) were collected from the areas
where it was decided there might be a release to the soil.  Nineteen groundwater wells were
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placed in and around SMA 3.  The spacing of the wells is such that if a release occurred in SMA
3, it should be detected by the monitoring well network.

 SMWU 1 – Quench Towers and Sumps

SWMU 1 is a concrete tower and water sump where water is pumped onto coke production
immediately after the coke is pushed from the oven in order to stop the product from burning up.
Soil and groundwater samples were collected in the vicinity of this SWMU. Based on a review of
the data, there appears to be sufficient data to evaluate SWMU 1.

 SWMU 2 – Quench Tower Pump Basin

SWMU 2 is associated with the quench towers and sumps.  The concrete basin holds the quench
water used to stop the coke from burning up after it leaves the coke ovens. Soil and groundwater
samples were collected in the vicinity of this SWMU. Based on a review of the data, there appears
to be sufficient data to evaluate SWMU 2.

 SWMU 3 – Old Quench Tower Settling Basin

SWMU 3 is the old quench system that was used prior to expansion of the coke ovens and
installation of the currently operating quench towers.  The former concrete basin held the quench
water that was used to stop the coke from burning up after it left the coke ovens. Soil and
groundwater samples were collected in the vicinity of this SWMU. Based on a review of the data,
there appears to be sufficient data to evaluate SWMU 3.

 SWMU 5 – Coal Tar Storage Drainage System

SWMU 5 is the drainage system around previous tar tanks that have been removed from service
and dismantled.  Soil and groundwater samples were collected in the vicinity of this SWMU. Based
on a review of the data, there appears to be sufficient data to evaluate SWMU 5.

 SWMU 6 – Spill Area Around Diesel Tank

SWMU 6 is the area where a former diesel tank was located.  Soil and groundwater samples were
collected in the vicinity of this SWMU. Based on a review of the data, there appears to be sufficient
data to evaluate SWMU 6.

 SWMU 7 – Coal Tar Collection Sump

SWMU 7 is a concrete sump associated with previous coal tar drainage systems that have been
removed from service.  This sump would have caught any coal tar that might leak if there was a
release from the coal tar drainage system. Soil and groundwater samples were collected in the
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vicinity of this SWMU. Based on a review of the data, there appears to be sufficient data to
evaluate SWMU 7.

 SWMU 8 – Flushing Liquor Decanter and SWMU 9 – Flushing Liquor
Decanter Sump

SWMUs 8 and 9 are located in the area where previous operations sent flushing liquor to separate
water from coal tar, after the flushing liquor returned from being sprayed into the gas offtake
system of the Coke ovens.  Soil and groundwater samples were collected in the vicinity of these
SWMUs. Based on a review of the data, there appears to be sufficient data to evaluate SWMUs
8 and 9.

 SWMU 10 – Coal Tar Decanter, SWMU 11 – Coal Tar Decanter, and
SWMU 12 – Coal Tar Decanter

SWMUs 10, 11, and 12 are the tanks where coal tar is decanted.  Soil and groundwater samples
were collected in the vicinity of these SWMUs. Based on a review of the data, there appears to
be sufficient data to evaluate SWMUs 10, 11, and 12.

 SWMU 37 – BTF Sewer Tar Trap

SWMU 37 is a sump within the BTF Sewer that collects any residual tar.  Soil and groundwater
samples were collected in the vicinity of this SWMU. Based on a review of the data, there appears
to be sufficient data to evaluate SWMU 37.

 AOC E – Coke Plant Groundwater Plume

AOC E is an area identified during the Phase III RFI where groundwater had been impacted by
volatile organic compounds (VOCs), and semi-volatile organic compounds (SVOCs). Nineteen
groundwater wells are located throughout and around SMA 3. Based on a review of the data,
there appears to be sufficient data to evaluate AOC E.
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 HUMAN HEALTH RISK ASSESSMENT SMA 3

The purpose of this Human Health Risk Assessment (HHRA) is to provide an analysis of the
potential adverse health effects (current or future) caused by hazardous substance releases from
a site in the absence of any actions to control or mitigate these releases (i.e., under an assumption
of no action) at SMA 3. The baseline risk assessment contributes to the site characterization and
subsequent development, evaluation, and selection of appropriate response alternatives. The
results of theHHRA are used to help determine whether additional response action is necessary
at the site, modify preliminary remediation goals, help support selection of the "no- action"
remedial alternative, where appropriate, and document the magnitude of risk at a site and the
primary causes of that risk (USEPA, 1989). Sections 2.1 through 2.7 comprise the HHRA.
Because this portion of the Bluestone Coke facility has no viable ecological habitat, no ecological
risk evaluation was performed. The Bluestone Coke facility including all of SMA 3 is industrial,
and future land use will continue to be industrial; therefore, risk values were not calculated for
residential use, nor were residential PCSs established. Risk values were calculated for the
Industrial/Commercial Worker scenario, the construction worker scenario, and the adolescent
trespasser scenario for all completed pathways as appropriate.

2.1 Overview of the Human Health Risk Assessment (HHRA)

The purpose of this Human Health Risk Assessment (HHRA) is to evaluate the potential adverse
effects to humans that may result from exposure to chemicals in the environment at SMA 3.  The
overall risk assessment approach for the HHRA follows the US Environmental Protection
Agency’s (USEPA’s) standard, four-step human health risk assessment paradigm, including:
Hazard Identification, Exposure Assessment, Toxicity Assessment, and Risk Characterization.
These steps are performed according to methodology and procedures published by USEPA in
various guidance documents and databases, including (but not limited to):

USEPA’s Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health
Evaluation Manual (Part A).  (1989)
USEPA’s RAGS Part E, Supplemental Guidance for Dermal Risk Assessment (2004)
USEPA’s RAGS Part F, Supplemental Guidance for Inhalation Risk Assessment (2009)
USEPA’s Human Health Evaluation Manual, Supplemental Guidance: Update of Standard
Default Exposure Factors (2014a)
USEPA’s Supplemental Guidance for Developing Soil Screening Levels for Superfund
Sites (2002)
USEPA’s Regional Screening Levels (RSLs) (May 2021a)
USEPA’s Vapor Intrusion Screening Level Calculator (accessed 2021b)
USEPA’s on-line toxicity database, Integrated Risk Information System (IRIS) (accessed
2021c)

Specific subtasks performed for this HHRA include:
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Data Collection, Evaluation, and Selection of Chemicals of Potential Concern
Exposure Assessment
Toxicity Assessment
Risk Characterization
Uncertainty Analysis
Derivation of Preliminary Cleanup Standards (PCS)

Descriptions presented below summarize procedures and methodologies utilized to accomplish
each of the subtasks of the bullet list above.

2.2 Data Collection, Evaluation, and Selection of Chemicals of Potential Concern

Previously collected data presented to the USEPA in the Phase III RCRA Facility Investigation
Report dated March 2009, prepared by Arcadis and CH2MHill, were validated prior to this
submittal and are used in this HHRA.  In addition, groundwater sampling was conducted in
January 2016, the data collected during that sampling event are also used in this HHRA.  Media
sampled and analyzed at SMA 3 include soil (0.5- to 15-ft bls) and groundwater; with results for
all presented in Appendix A; Table A-1 presents soil analytical data and Table A-2 presents
groundwater analytical data.

Chemical data are summarized and tabulated to show pertinent sample statistics for each
medium, including: the minimum and maximum concentrations; the appropriate upper confidence
limit (UCL) about the mean; and frequency of detection.  The USEPA software ProUCL version
5.1 (USEPA, 2016) was utilized to determine the chemical data distributions to provide the most
appropriate UCLs.  Censored data (reported as concentrations below detection limits) were
retained and evaluated as described in ProUCL.

Chemicals of potential concern (COPCs) are chemicals retained for quantitative evaluation as
they may present health threats to receptors.  COPCs were selected using the screening criteria
as described in RAGS Part A (USEPA, 1989) for all chemicals detected at least once in soil and
in groundwater.  USEPA industrial exposure Regional Screening Levels (RSLs) (USEPA, 2021a)
were used to screen for COPCs in soil by comparing the maximum detected chemical
concentrations to the cancer effects RSL or 1/10th the noncancer effects RSL, whichever was
less.  An adjustment is typically made to the noncancer effects RSL to divide the value by 10 to
account for the exposure to multiple chemicals. This screening approach ensures that a
conservative approach to COPC selection has been performed.  If the maximum detected
chemical concentration in soil exceeded the screening level, it was retained as a COPC. In
addition, for any chemical that does not have a published screening level, it was retained and
carried through the risk assessment as a conservative measure.
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In addition to RSLs based on protectiveness of human health, soil screening levels (SSLs) that
describe the potential for chemicals in soil to leach to groundwater were also utilized for COPC
selection.  Site-specific SSLs for the protection of groundwater have been calculated, based on
site-specific components, and are found in Appendix G of Phase III RCRA Facility Investigation
(RFI) Report (Arcadis and CH2M Hill, 2009).  If a chemical’s SSL is lower than its cancer or non-
cancer RSL, it was used as the screening value for COPC selection.

To develop a list of COPCs to be evaluated for human health effects from ingestion of
groundwater, the USEPA RSLs for tapwater (USEPA, 2021a) were used.  For those chemicals
without values designated as tapwater RSLs, National Primary Drinking Water Regulations
Maximum Contaminant Levels (MCLs) were used (MCLs were obtained from USEPA’s RSLs
table [USEPA, 2021a]). If the maximum detected chemical concentration in groundwater, from all
wells, exceeded the screening level, it was retained as a COPC. In addition, for any chemical that
does not have a published screening level, it was retained and carried through the risk
assessment as a conservative measure.

One additional screening criteria was used for COPC selection, based on USEPA Region 4
comments on previously prepared Bluestone Coke risk assessment. This is relevant to screening
of polycyclic aromatic hydrocarbons (PAHs). As a conservative approach, if any of the PAHs were
selected as a COPC, all of the others were retained, even if their maximum detected chemical
concentrations were less than their respective screening level.

To develop a list of COPCs to be evaluated for the vapor intrusion pathway, the USEPA’s Vapor
Intrusion Screening Level (VISL) calculator was used (USEPA, 2021b). These COPCs are utilized
to evaluate risks to receptors from the potential intrusion of vapors from the subsurface into
buildings, as represented by volatile chemical analytical data measured in groundwater.

COPCs selected for SMA 3 soil are presented in Table 2.1.  There were no surface soil samples
collected for analysis in SMA 3; therefore, Table 2.1 represents data for soils from 0.5-15 ft depths.
Along with the noted soil COPCs selected, the reason for selection is provided on the table.

COPCs selected for SMA 3 groundwater are presented on Table 2.2. Along with the noted soil
COPCs selected, the reason for selection is provided on the table.

2.3 Groundwater Leachability

Site Specific Soil Screening Levels (SSLs) for leaching to groundwater were presented in
Appendix G of the Phase III RFI prepared by CH2MHILL. The basis of the approach is that
infiltrating precipitation has the potential to leach chemicals from the soil to the uppermost
groundwater.  The leachate is then diluted by the lateral flow within the groundwater-bearing unit.
The approach assumes that a hypothetical future groundwater user is present on the immediate
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downgradient boundary of the site. Potable groundwater use is assumed for the hypothetical
future scenario.

SSLs are inherently conservative estimates that are based on a number of assumptions including:

The SSL evaluation assumes that there is uniform distribution of COCs across an entire
“site” and that groundwater is or could be used on the immediate downgradient edge of
the site.
No degradation of the chemicals is included as the chemicals are transported vertically
through the vadose zone or lateral transport in the groundwater bearing unit.
The leaching of chemicals from soil are dependent on chemical and site-specific physical
conditions.  Leachate concentrations can either be over or underestimated.
The initial screening of chemicals assumes an infinite source mass and therefore may
violate mass limit constraints.  Additional evaluation may be required to quantify the
chemical mass in the source area or areas to understand mass limit constraints.

The 95% UCL for SMA 3 soil (0.5 to 15-feet bls) concentrations were screened against the
groundwater protection soil screening levels (GWP SSLs).  The GWP SSLs are used to evaluate
chemical concentrations in soil (0.5 to 15-feet bls) as a means of determining if measured site soil
concentrations present a potential threat for future contamination of groundwater.  GWP SSLs
used for screening of SMA 3 soil (0.5 to 15-feet bls) chemical concentrations were derived in the
Phase III RCRA Facility Investigation Report (Arcadis & CH2MHill, 2009).  If SSLs were not
available in the Phase II report, SSLs provided on USEPA’s RSL table (May. 2021) were used.
The results of the screening are discussed in Section 3.1.4.

2.4 Exposure Assessment

The objectives of the exposure assessment are to characterize potentially exposed human
receptors at the Site, to identify actual or potential exposure pathways, and to quantify the
potential exposure.  Thus, the exposure assessment involves several elements, including:

Identification of the potential receptors/exposure scenarios (as shown in the Conceptual
Site Model [CSM]).
Identification of exposure routes (also in the CSM).
Quantification of exposure point concentrations (EPCs).
Identification of the exposure models and assumptions used to calculate daily intakes or
doses.

 Receptors and Pathways Evaluated

Figure 2.3 presents the CSM for the SMA 3, which depicts the path a chemical contaminant
follows from its release in the environment to intake by the receptor.  The results of the CSM



CMS – SMA 3 Coke Manufacturing Plant (Revision 1.0)
Bluestone Coke  Birmingham, Alabama
October 21, 2021  Terracon Project No. E1137112

Responsive Resourceful Reliable 2-5

illustrate which exposure pathways are complete and will be quantitatively evaluated, as
discussed further below.

Current and Future Industrial/Commercial Workers

Current and future industrial/commercial workers are assumed to be adult, full-time workers who
may be exposed to on-site contaminants.  Industrial/commercial workers are assumed to be long-
term employees who work at the facility 40 hours/week, 250 days/year, for a duration of 25 years.
Their exposure to soil may be through ingestion, dermal absorption, or inhalation of dust particles.
Given the nature of organic contaminants in soil, these workers may also be exposed to volatiles
in ambient air.  As no surface soil analytical data are available for SMA 3, the industrial worker
receptor is evaluated as potentially being exposed to soil (0.5 to 15-feet bls), in a situation where
periodic trenching or utility work might be conducted.  It is assumed that this receptor may be
exposed to soil (0.5 to 15-feet bls) in such a manner for up to one work-week per year, each year,
over the 25-year duration.  The worker is likely to be exposed to soil via incidental ingestion,
dermal absorption, and inhalation; hence, as these pathways are complete, they are quantified in
this risk assessment.

There are no surface water bodies on SMA 3; therefore, there are no complete exposure
pathways for receptors to surface water or sediment.

Groundwater is not currently used at the facility for any potable purpose, nor is it anticipated being
used in the future.  An ordinance has been passed by the City of Birmingham prohibiting
groundwater use for potable purposes.  However, in the event groundwater may be available for
use sometime in the future, the industrial worker is evaluated for hypothetical groundwater
ingestion, dermal absorption, and inhalation of volatiles while showering.

Because some portions of the site are underlain by volatile organic contaminants in groundwater,
there may be a potential for the vapor intrusion pathway to be complete.  If this is the case,
workers may be exposed to volatiles via the inhalation pathway while working indoors.  For those
wells on SMA 3 with detected concentration of volatile organic chemicals (VOCs), the vapor
intrusion pathway is evaluated.

To summarize, the following pathways are quantitatively evaluated for current and future industrial
workers:

Soil ingestion
Soil dermal contact
Inhalation of soil particles
Inhalation of VOCs in ambient air
Inhalation of VOCs inside buildings
Groundwater ingestion
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Groundwater dermal contact while showering
Inhalation of VOCs while showering with groundwater

Future Construction Workers

Construction activities may occur on-site, allowing a construction worker to be exposed to site
contaminants.  Construction workers are assumed to be working on a construction project at the
facility full-time, for a one-year duration (i.e., 250 day/yr for 1 yr).  Given the nature of organic
contaminants in soil (0.5- to 15-ft bls), these workers may also be exposed to volatiles in ambient
air.  Construction workers may be exposed to chemicals in soil from the top depth to the lower
depth of a typical building excavation (15 ft depth).  Construction workers may be exposed to soil
chemicals via incidental ingestion, dermal absorption, and by the inhalation of contaminated dust
or VOCs in ambient air.

While construction workers are not likely to be exposed to groundwater for potable purposes, they
may be exposed during trenching. VOCs in groundwater may migrate upward through the soil
column to collect in a trench and be available for inhalation. Additionally, if shallow groundwater
is encountered in the trench, the construction worker may be exposed by direct contact to feet
and lower legs. Under normal circumstances, workplace safety rules do not allow for individuals
to work in standing water for any significant duration. Instead, some pumping strategy to dewater
the trench would be performed. For this reason, it is not likely that enough exposure will occur via
ingestion to require quantification of the groundwater ingestion pathway; making this pathway
possible, but likely insignificant. There are also no USEPA developed standard default volumes
of groundwater ingested for quantification of this pathway.

USEPA does not provide a tool for quantifying the vapor inhalation in a trench. However, the State
of Virginia Department of Environmental Quality (VDEQ) does provide guidance for modeling the
concentration of vapors in a trench from the VOCs concentrations in groundwater (VDEQ, 2020).
The VDEQ’s recommended approach is performed for this risk assessment.

Construction workers are not assumed to be employees of the facility.  Instead, these receptors
are assumed to be workers that only visit the site for a project.  In this case, the construction
project is assumed to have a duration of one year and the construction worker works 40
hours/week.

To summarize, the following pathways are quantitatively evaluated for future construction
workers:

Soil ingestion
Soil dermal contact
Inhalation of soil particles
Inhalation of VOCs in ambient air
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Groundwater dermal contact while trenching
Inhalation of VOCs from groundwater while trenching

Adolescent Trespassers

Bluestone Coke is a secure facility and has only had one experience of trespassing reported in
the last 10 years.  However, there may be an opportunity in the future for a young trespasser to
visit the Site, and if that occurs, this receptor may be exposed to site contaminants.  The
adolescent trespasser has been evaluated at other SMAs, in regard to exposure to surface soil,
surface water, and sediment.  Given the highly industrialized nature of SMA 3, it is not likely that
a young trespasser will be attracted to this particular area.  Further, because no surface water
bodies are present on SMA 3, there is no complete exposure pathway for surface water or
sediment.  Hence, the adolescent trespasser is not evaluated in this SMA 3 risk assessment.

Exposure parameters, including exposure frequencies and durations for each receptor and
pathway to be evaluated in this HHRA are presented in Table 2.3.

 Exposure Point Concentrations

An exposure point is a location where a receptor is reasonably assumed to move at random,
throughout the duration of exposure, and where contact with an environmental medium is equally
likely at all sub-locations.  The chemical concentration developed to represent that exposure is
termed the exposure point concentration (EPC).  Because of the randomness assumed for
exposure, an EPC is derived as an estimate of the true arithmetic mean concentration of a
chemical in a medium at an exposure location.  However, because the true arithmetic mean
concentration cannot be calculated with certainty from a limited number of measurements,
USEPA recommends that an upper bound of the arithmetic mean, for example, the 95th percentile
upper confidence limit (UCL), at each exposure point be used when calculating exposure and risk
at that location (USEPA, 1992). Further, if the calculated 95% UCL is found to exceed the highest
detected concentration, the highest detected value is used instead (USEPA, 1989).

USEPA has developed statistical software to aid the development of EPCs for a chemically
contaminated site.  This software, ProUCL version 5.1 (USEPA, 2016) was utilized to develop
EPCs for soil (0.5- to 15-ft bls) chemical concentrations at SMA 3.  For this analysis, all chemical
concentrations are entered into the software, including non-detect concentrations at the detection
level concentration.  In recent years, ProUCL software has been advanced to allow for multiple
statistical evaluations; hence, some chemical UCLs may be represented by a statistic other than
the 95% UCL, for example, a 98% UCL, etc. Printouts from ProUCL are presented in Appendix B,
with Exhibit B-1 presenting the output for soil and Exhibit B-2 presenting the output for
groundwater.
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The determinations of EPCs for soil (0.5- to 15-ft bls) are presented for the COPCs of SMA 3 in
Table 2.4.  EPCs selected were either the ProUCL recommended value or the maximum detected
concentration, whichever was less.

The determinations of EPCs for groundwater are presented for the COPCs of SMA 3 in Table 2.5.
The approach for determination of EPCs for groundwater was performed following USEPA’s
Determining Groundwater Exposure Point Concentrations, Supplemental Guidance (USEPA,
2014b). All groundwater analytical data for wells located in SMA 3 were combined into one
population and entered into ProUCL. Groundwater EPCs selected were either the ProUCL
recommended value or the maximum detected chemical concentration, whichever was less.

Once the EPCs were derived for each chemical in each media, a receptor’s chemical intake was
calculated, as described below.

 Estimating Chemical Intake

Methodology to estimate chemical intake from the various exposure pathways is described further
below.

2.4.3.1 Intake of Chemicals from Exposure to Soil

As described above, industrial workers and construction workers may potentially be exposed to
soil of SMA 3.  The equations used to estimate average daily chemical intake from exposure to
soil are presented below.

Ingestion
Average daily chemical intake for the incidental ingestion of soil is calculated by use of the
following formula (USEPA, 1989):

DIIngestion  =  CS  x  IR  x  CF  x  FI  x  EF  x  ED
        BW  x  AT

where:
DISoil-Ing =  average daily chemical intake via soil ingestion (mg/kg-day)
CS =  chemical concentration in soil (mg/kg)
IR =  ingestion rate (mg soil/day)
CF =  conversion factor (10-6 kg/mg)
FI =  fraction ingested from contaminated source (unitless)
EF =  exposure frequency (days/year)
ED =  exposure duration (years)
BW =  body weight (kg)
AT =  averaging time (period over which exposure is averaged, days)
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Spreadsheets depicting the calculated chemical intake from exposure to soil for industrial workers
and construction workers are presented in Appendix B on Tables B1.1 and B1.2, respectively.

Inhalation
For the purposes of evaluating a receptor’s exposure to chemicals in ambient air, as either
volatiles or adsorbed to dust particles, the development of the exposure concentration (EC) in air,
as recommended by USEPA’s RAGS Part F, Guidance for Inhalation Risk Assessment (USEPA,
2009), must be performed.   The EC is calculated by modeling the contaminant concentrations
(CA) in air first, following the methodology presented in USEPA’s Soil Screening Guidance
(USEPA, 2002). EC was determined by using the following equation:

EC  =  CA  x  ET  x  EF  x  ED
AT

where:
EC =  exposure concentration (µg/m3)
CA =  chemical concentration in air (µg/m3)
ET =  exposure time (hours/day)
EF =  exposure frequency (days/year)
ED =  exposure duration (years)
 AT =  averaging time (period over which exposure is averaged, days)

The chemical concentration in air (CA) term was calculated as follows:

CA  =  CS  x  [ ( 1 / PEF)  +  (1 / VF ) ]

where:
PEF =   Particle emission factor (m3/kg); 5.70E+09 m3/kg (default value) (USEPA,

2002)
VF  =  Volatilization factor (m3/kg).

Additionally, the following equations were used to derive VF, as described by USEPA’s
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (2002).

VF = [  Q/C x ( 3.14 x DA x T)1/2 x CF ] / ( 2 x b x DA )

where:
Q/C =  inverse of mean concentration at center of source (g/m2-s per kg/m3)
DA =  apparent diffusivity (cm2/sec)
T =  exposure interval (sec)
CF =  conversion factor, 10-4 m2/cm2

b =  dry soil bulk density (g/cm3) = 1.5 g/cm3
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The following equation was used to derive Q/C (UEPA, 2002).

Q/C  =  A  x  exp [ ( ln Asite  -  B )2 / C ]
Where:

A = 14.835 (unitless) based on Zone 6, Atlanta, GA
B = 17.953 (unitless) based on Zone 6, Atlanta, GA
C = 204.152 (unitless) based on Zone 6, Atlanta, GA
Asite = site area (acres); 42

The following equation is used to derive DA (USEPA, 2002).

DA  =  [ ( a10/3 x Di  x  H' ) + ( w10/3  x  Dw ) / n2 ] / [ ( b  x  Kd )  + w  +  ( a x H' ) ]

where:
a = air filled porosity (Lair/Lsoil) = n - w = 0.284

Di = diffusivity in air (cm2/sec), chemical specific
H' = Henrys law constant, unitless, chemical specific

w  = water-filled porosity (Lwater/Lsoil) = 0.15
n = total soil porosity (Lpore/Lsoil) = 1 - ( b/ s) = 0.434
Kd  = soil-water partition coefficient, cm3/g

The following equation was used to derive Kd (USEPA, 2002).

Kd  =  KOC x fOC

where:
KOC = soil organic carbon partition coefficient (cm3 / g), chemical specific
fOC  = fraction organic carbon in soil (g/g), 0.006

Tables B1.3 through B1.7, in Appendix B, illustrate the calculated values for the above-described
parameters resulting in CA for each COPC.  Tables B1.8 and B1.9 present the calculated ECs for
industrial workers and construction workers, respectively.

Dermal Absorption
Average daily chemical intake for dermal absorption of chemicals in soil was calculated by use of
the following formula (USEPA, 2004):

DAD  =  DAevent x  EF  x  ED  x  EV  x  SA
BW  x  AT

where:
DAD = dermal absorbed dose (mg/kg-day)

DAevent  =  CS  x  CF  x  AF  x  ABSd
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where:
DAevent = absorbed dose per event (mg/cm2-event)
EF = exposure frequency (days/year)
ED = exposure duration (years)
EV = event frequency (events/day)
SA = skin surface area available for contact (cm2)
BW = body weight (kg)
AT = averaging time (period over which exposure is averaged, days)

The DAevent term was calculated by the following formula (USEPA, 2004):

DAevent  =  CS  x  CF  x  AF  x  ABSd

where:
DAevent = absorbed dose per event (mg/cm2-event)
CS =  chemical concentration in soil (mg/kg)
CF   = conversion factor (10-6kg/mg)
AF   = adherence factor of soil to skin (mg/cm2-event)
ABSd   = dermal absorption fraction

Table B.10 in Appendix B presents the calculated values for DAevent for SMA 3 soil.  The dermal
absorbed dose (DAD) calculations for industrial workers and construction workers are presented
in Tables B1.11 and B1.12, respectively.

2.4.3.2 Intake of Chemicals from Exposure to Groundwater

Industrial workers and construction workers were evaluated for exposure to groundwater, but by
different exposure pathways, as described below.

Ingestion
Industrial workers were evaluated for exposure to groundwater by ingestion.  Average daily
chemical intake for the ingestion of groundwater as drinking water was calculated by use of the
following formula (USEPA, 1989):

DIIngestion  =  CW  x  IR  x  EF  x  ED
        BW  x  AT

where:
DIIngestion = average daily chemical intake via groundwater ingestion (mg/kg-day)
CW = chemical concentration in groundwater (mg/L)
IR = intake rate (L/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
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BW = body weight (kg)
AT = averaging time (period over which exposure is averaged, days)

Average daily chemical intake was calculated for the industrial worker separately at each well
location, with calculations presented on Tables B2.1.

Dermal Absorption
Average daily chemical intake for dermal absorption of chemicals in groundwater via direct
contact by industrial workers during showering, in the event groundwater is available for use at
some time in the future, was calculated by use of the following formula (USEPA, 2004):

DAD  =  DAevent x  EF  x  ED  x  EV  x  SA
BW  x  AT

where:
DAD  = dermal absorbed dose (mg/kg-day)
DAevent = absorbed dose per event (mg/cm2-event), see below
EF =  exposure frequency (days/year), each work day for 25 years
ED =  exposure duration (years)
EV =  event frequency (events/day)
SA =  skin surface area available for contact (cm2)
BW =  body weight (kg)
AT =  averaging time (period over which exposure is averaged, days)

for organics: DAevent  =  Cshw  x  Kp  x  2  FA  x  SQRT ( 6  x tau  x  tevent/p )
and
for inorganics: DAevent  =  Cshw  x  Kp  x  tevent

where:
Cshw = concentration remaining in shower water (mg/cm3),

 CW  x  f  x  CF1  x  CF2 and
 CW = chemical concentration in groundwater (µg/L)
 f = fraction in shower water after volatilization (NA for inorganics or f = 1)
 CF1 = conversion factor (mg/µg)
 CF2 = conversion factor (L/cm3)

Kp = dermal permeability coefficient in water (cm/hr)
FA = fraction of chemical absorbed
tevent = exposure time in shower (hr), 30 minutes
t* = time for chemical to reach steady-state (hr)
tau = lag time per event (hr)

Note that for organics with tevent  t*, the above DAevent equation applies, else, another equation
must be used. For the SMA 3 groundwater evaluation, no other equation was required.
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The concentration remaining in the shower after volatilization (Cshw), making it available for
inhalation, was calculated for each chemical, as shown on Table B2.2, presented in Appendix B.
The DAevent term, for organics and inorganics, was also calculated for each chemical, with results
presented on Table B2.3a and 2.3b, in Appendix B.  As shown on Table B2.2, chemicals are
evaluated to determine if tevent  t* (i.e., time in shower  time to reach steady-state), and for each
groundwater COPC, the answer was “Yes”; hence, the noted equation is the proper equation for
each COPC. The average COPC DADs for industrial workers from dermal contact with
groundwater (organics and inorganics) while showering is presented on Table B2.4, in Appendix
B.

Average daily chemical intake for dermal absorption of chemicals in groundwater for the
construction worker, who may be exposed if groundwater pools in a trench, was calculated using
the following formula (USEPA, 2004):

DADGW-Derm =  CW x SA x Kp x ET x EF x ED x CF
BW x AT

where:
DADGW-Derm = average daily absorbed chemical dose (mg/kg-day)
CW = chemical concentration in groundwater (mg/L)
SA  =  skin surface area available for contact (cm2)
Kp  =  chemical-specific dermal permeability constant (cm/hour)
ET  =  exposure time (hours/day)
EF  =  exposure frequency (days/year)
ED  =  exposure duration (year)
CF  =  conversion factor for water (1 L/1000 cm3)
BW  =  body weight (kg)
AT  =  averaging time (period over which exposure is averaged, days)

The same formula used for calculating the dermal absorbed dose (DAD), as described just above,
was used to derive the dose for construction workers in a trench, except that exposure parameters
are selected that better reflect the skin surface area affected and the time/duration of exposure
for this scenario.  The construction worker is evaluated as being in contact with pooled water in a
trench for 2 hours/day, 125 days/year, over a 1-year duration.

The average chemical intake calculations for the construction worker can be found on Tables
B2.5, in Appendix B.

Inhalation
The inhalation pathways involving contaminated groundwater are primarily those that are affected
by the phase change of dissolved VOCs in groundwater to vapors in air.  These pathways include
inhalation of vapors by individuals who may be exposed to VOCs while showering, inhalation of
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vapors in trenches for construction workers who encounter contaminated groundwater, and
inhalation of vapors while inside buildings from vapor intrusion.

Industrial Workers Inhalation While Showering: Industrial workers were evaluated assuming
they might shower with site groundwater.  Modeling is required to estimate the indoor air
concentrations of VOCs from groundwater while showering. In this scenario, receptors are
assumed to inhale VOCs while showering and during time spent in the bathroom after showering.
A shower model is used to evaluate exposure to COPCs in groundwater for future industrial
workers who may take a shower on site.

The shower model used is that presented Schaum et al. (1994).  It treats the bathroom as one
compartment and yields an air concentration averaged over the time of the actual shower and the
time spent in the bathroom after the shower.  The model was derived by assuming that the
chemical volatilizes at a constant rate, instantly mixes uniformly with the bathroom air, and that
ventilation with clean air does not occur. This implies that the chemical concentration in the air
increases linearly from zero to a maximum at the end of the shower, and then remains constant
during the time an individual spends in the bathroom immediately after showering.

The equation used to estimate chemical intake by inhalation during showering is the same as for
inhalation of soil above, except for the following:

CA =  ( ( CAmax/2) x t1 )  +  ( CAmax  x  t2 )
( t1  +  t2 )

where:
CAmax = CW  x  f  x  Fw  x  t1  x  1/Va

and where:
CW = chemical concentration in groundwater (µg/L)
CA = chemical concentration in air (µg/m3)
f = fraction volatilized, chemical-specific
Fw = water flow rate (L/hr), assumed to be 1000 L/hr
t1 = time of shower (hr), assumed to be 30 minutes
Va = bathroom volume (m3), assumed to be 6 m3

t2 = time after shower in bathroom (hr), assumed to be 15 minutes

CAmax was calculated for each chemical and then used to determine the concentration of the
chemical in air (CA).  Calculations for CAmax and CA are found in Appendix B, Tables B2.6 and
2.7, respectively.  Using CA, the effective concentration (EC) in air for an industrial worker
showering with site groundwater was calculated, as shown on Table B2.8, in Appendix B.

Construction Workers Inhalation While Trenching: Inhalation of VOCs by construction
workers during trenching/excavation activities was evaluated following the approach offered by
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the Virginia Department of Environmental Quality’s (VDEQ’s) guidelines for situations where
groundwater may release VOCs into soil pores (VDEQ, 2020).  The VDEQ recommends a model
to derive the concentration of VOCs that may accumulate in the air of a trench: the Virginia Unified
Risk Assessment Model (VURAM) (VDEQ, 2020).  The VURAM approach calculates the chemical
concentration in air (CA) for the VOCs the construction worker may inhale while working in the
trench, by use of the iterative equations shown below.

The chemical concentration in the air of a trench (CA) is calculated as follows (VDEQ, 2020):

CA  =  CGW  x  VFtrench

where:
CA = concentration of chemical in air (µg/m3)
CGW = concentration of chemical in groundwater (µg/L)
VFtrench  =  volatilization factor (L/m3)

The VURAM approach allows for two separate equations, depending on the depth to
groundwater at the site as greater than 15 ft or less than 15 ft. For SMA 3, the depth to
groundwater is less than 15 ft; hence, the following equation was used to derive VFtrench (VDEQ,
2020).  Unless otherwise noted, all input parameters utilized in this calculation were obtained
from the VURAM’s Users Guide (VDEQ, 2020).

VFtrench = ( Ki  x  A  x  F  x  10-3  x  104  x  3600 )
( ACH  x  V  x  Porvad)

where:
Ki =  overall mass transfer coefficient of contaminant (cm/s); equation shown below
A =  area of trench (m2); assumed to be 3 ft wide x 8 ft long = 24 ft2 (2.23 m2)

F = fraction of floor of trench through which contaminant can enter (unitless); 1
10-3 = conversion factor (L/cm3)

104 = conversion factor (cm2/m2)

3600 = conversion factor (sec/hr)

ACH = air changes per hour (h-2); 2

V = volume of trench (m3); trench assumed to be L x W x D = 2.44 m x 0.91 m x
2.59 m = 11.5 m3

Porvad = total soil porosity in vadose zone (cm3/cm3); 0.44

The overall mass transfer coefficient of each chemical (Ki) was calculated as shown below
(VDEQ, 2020):

Ki  =  1 / { ( 1 / kiL )  +  [ ( R x T ) / ( Hi  x  kiG ) ] }
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Where:
kiL = liquid-phase mass transfer coefficient of chemical (cm/s)

R = ideal gas constant (atm-m3/mol-K); 8.2E-5

T = average system absolute temperature (K); 298

Hi = Henry’s Law constant of chemical (atm-m3/mol); obtained from
chemical/physical parameters RSL table

kiG = gas-phase mass transfer coefficient of chemical (cm/s); equation shown below

The liquid-phase mass transfer coefficient of chemical (kiL) was calculated as shown below
(VDEQ, 2020):

kiL = ( MWO2 / MWi )0.5  x  ( T )  x  kiL,O2

where:
MWO2 = molecular weight of O2 (g/mol)

MWi = molecular weight of chemical (g/mol)

kL,O2 = liquid-phase mass transfer coefficient of oxygen at 25°C (cm/s); 0.002

The gas-phase mass transfer coefficient of chemical (kiG) was calculated as shown below (VDEQ,
2020):

kiG  =  ( MWH2O / WMi )0.335  x  ( T )1.005  x  kG,H20

where:
MWH2O = molecular weight of water (g/mol)

MWi = molecular weight of chemical (g/mol)

kG,H2O = gas-phase mass transfer coefficient of water vapor at 25°C (cm/s); 0.833

Once the CA concentrations are calculated, inhalation intake is quantified for receptors in the
same manner as described above for inhalation of VOCs in ambient air.  The CA, VF, and
subsequent calculations are presented in Appendix B, and in reverse order, ash shown on Tables
B2.9 through B2.13, respectively. The EC calculations are performed for the construction worker
in a trench in the same manner as shown above for inhalation of ambient air (Section 2.3.3.1) and
as provided in Table B2.14 of Appendix B.

Industrial Workers Inhalation via Vapor Intrusion: Receptors are evaluated for the vapor
intrusion pathway by use of USEPA’s Vapor Intrusion Screening Level (VISL) Calculator
(USEPA, 2021b). Because the VISL model internally quantifies exposure as well as risk, no
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separate calculations are required to quantify exposure. Risk via the vapor intrusion pathway is
discussed further in Section 2.5 Toxicity Assessment.

2.5 Toxicity Assessment

The toxicity assessment identifies the toxicity values (i.e., slope factors and reference doses) for
COPCs.  These toxicity values are applied to the estimated doses (intakes) calculated in the
exposure assessment, in order to evaluate carcinogenic risk and noncarcinogenic hazard.  The
Integrated Risk Information System (IRIS) (USEPA, accessed on-line) is the preferred source of
toxicity values, as the Tier 1 option.  If a toxicity value was not available through IRIS, USEPA’s
recommended hierarchy of toxicity databases was followed (USEPA, 2003) which suggests that
the Tier 2 option should be the Provisional Peer Reviewed Toxicity Values (PPRTVs) developed
by The Office of Research and Development (ORD)/National Center for Environmental
Assessment (NCEA).

Carcinogenic oral and inhalation slope factors (SFs) are presented in Tables 2.6 and 2.7,
respectively, containing the following information for each COPC: weight of evidence, tumor
site(s), unit risk values, and SFs, as appropriate.   Reference sources are provided as necessary
in each table.

Presently, toxicological data do not exist from which dermal SFs can be derived.  To evaluate the
dermal pathway, USEPA has adopted methodology to obtain dermal SFs by adjusting the oral
SFs.  The equation for extrapolation of a default dermal SF is as follows:

Default Dermal SF  =  Oral SF  /  Oral Absorption Factor (%)

Dermal SFs are presented on Table 2.6 and include the oral absorption factor (oral bioavailability)
data properly referenced.

Noncarcinogenic reference doses and reference concentrations are presented on Tables 2.8 and
2.9, respectively, and for each COPC, the critical effect/target organ affected is noted and properly
referenced.

Oral RfDs are derived from toxicological data and can be obtained from USEPA toxicological
databases, such as IRIS.  However, for the dermal pathway, oral RfDs are adjusted to derive
dermal RfDs in an approach similar as that described above for the derivation of dermal SFs, and
as follows:

Dermal RfD  =  Oral RfD  x  Oral Absorption Factor (%)

Table 2.8, containing dermal RfDs, also includes the oral absorption factors for each COPC with
the proper reference.
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Noncarcinogenic toxicity factors are obtained that were derived to represent chronic exposures
for the industrial worker, as they are evaluated as being on site for a 25-year duration. But for
construction workers, evaluated as being on-site for only a one-year duration, toxicity factors
obtained to represent a subchronic exposure are more relevant. Where published subchronic
noncarcinogenic toxicity factors were available, they were utilized for the construction worker risk
characterization. Both chronic and subchronic noncarcinogenic toxicity factors are presented on
Tables 2.8 and 2.9, as available.

2.6 Risk Characterization

The objective of the risk characterization step is to integrate the information developed in the
exposure assessment and the toxicity assessment into an evaluation of the potential current and
future health risks associated with the COPCs at the Site.  Potential cancer risk is calculated by
multiplying the estimated lifetime-averaged daily intake that was calculated for a chemical through
an exposure route (via ingestion or dermal absorption) by the exposure route-specific cancer
slope factor, as described below.

ELCR   =  DI  x  SF

where:
ELCR =   Excess Lifetime Cancer Risk (unitless)
DI  =   Daily intake of chemical (mg/kg-day)
SF   =   Cancer slope factor (mg/kg-day)-1

Excess cancer risk for the inhalation pathway was estimated by utilizing the following formula
(USEPA, 2009):

ELCRInh  =  IUR  x  EC

where:
ELCRInh  =  cancer risk via the inhalation pathway (unitless)
IUR   =   inhalation unit risk [(µg/m3)-1]
EC  =   exposure concentration (µg/m3)

Cancer risks are then summed to calculate total risks to a receptor from all chemicals and from
all exposure routes.

The potential for noncarcinogenic health effects is evaluated by the calculation of hazard quotients
(HQs) and hazard indices (HIs) (which are HQs summed).  An HQ is the ratio of the exposure
duration-averaged estimated daily intake through a given exposure route (via ingestion or dermal
absorption) to the chemical and route-specific reference dose, calculated as presented below.
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HQ    =   DI   /   RfD

where:
HQ   =  Hazard quotient (unitless)
DI   =  Daily chemical intake (mg/kg-day)
RfD  =  Noncancer reference dose (mg/kg-day)

The HQs for the inhalation pathway were calculated by using the following formula (USEPA,
2009):

HQInh  =  EC  /  [ Toxicity Value  x  1000 µg/m3 ]

where:
HQ  =  hazard quotient via the inhalation pathway (unitless)
EC  = exposure concentration (µg/m3)
Toxicity Value = inhalation toxicity value (e.g., RfC)

HQs are totaled to calculate HIs for each receptor scenario.  Initially, HIs are calculated based on
all chemicals and exposure routes.  Following the calculation of cumulative noncancer risks (HIs),
any chemicals which exhibit risks greater than 1 are further evaluated to determine if multiple
organ effects are demonstrated.  If so, chemicals with HQs greater than 1, as well as major
contributors to the HIs, are segregated to determine noncancer hazards by target organ/system
effect.

Risk Results for Soil
Industrial workers and construction workers were evaluated for their exposure to soil (0.5- to 15-
ft bls).  The calculated results for each chemical and pathway are presented on Tables B3.1 and
B3.2 for industrial workers and construction workers, respectively.  Risk results for receptors
exposed to soil are then summarized on Table 2.10.  For industrial workers, the cumulative total
excess lifetime cancer risk (ELCR) from exposure to chemicals in soil over all pathways was found
to be 5E-06, which falls within USEPA’s acceptable risk range of 1E-06 to 1E-04.  Just one
chemical was found to have a risk greater than 1E-06, naphthalene (ELCR of 4E-06).  The total
noncancer HI for industrial workers exposed to soil was found to be 0.1, below USEPA’s generally
considered acceptable level of 1.  Hence, only one chemical, naphthalene, is deemed to be a
chemical of concern (COC) for industrial workers as it demonstrates a slightly elevated cancer
risk above 1E-06.  A Preliminary Cleanup Standard (PCS) for naphthalene for the industrial
worker was calculated and is presented with further discussion in Section 2.8.

For construction workers, the cumulative ELCR from exposure to chemicals in soil over all
pathways was found to be 2E-05, which falls within USEPA’s acceptable risk range of 1E-06 to
1E-04.  Just one chemical was found to have a risk greater than 1E-06, naphthalene (ELCR of
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1E-05). The total noncancer HI for construction workers exposed to soil was found to be 4, which
is above the USEPA acceptable level of 1.  The major contributors to noncancer hazards are from
naphthalene (HQ=2), 2-methylnaphthalene (HQ=0.54), benzo(a)pyrene (HQ=0.23), dibenzofuran
(HQ=0.23), iron (HQ=0.2), and arsenic (HQ=0.2). The HQs for these chemicals are segregated
and summed by target organs/systems effects, as shown on Table 2.11, to determine if HIs for
any of these chemicals exceed 1.

Because the HI for construction workers exceeds 1, chemicals with HQs greater than 1 are
segregated by target organ/system to determine if the HI for any are greater than 1. As shown on
Table 2.11, the HIs for all target organs and systems is less than 1 except for 1) nervous systems
effects, which demonstrate an HI of 2.37 and 2) respiratory effects, which demonstrates an HI of
2.7. For each HI, it is clear that the major contributor to the noncancer hazards is naphthalene.
Hence, naphthalene is the only COC for construction workers exposed to soil.

To summarize, the following chemicals are soil COCs for both industrial workers and construction
workers of SMA 3:

 naphthalene

A PCS have been developed for this COC as presented in Section 2.8.

Risk Results for Groundwater
Industrial workers and construction workers were evaluated for their exposure to groundwater.

Industrial workers were evaluated for exposure to groundwater via ingestion, dermal contact
while showering, inhalation of volatiles while showering, and inhalation of volatiles via vapor
intrusion into a building. Risks via direct contact pathways of ingestion, dermal absorption while
showering and inhalation while showering are calculated on Table B3.3. Those risks are
presented in summary on Table 2.12. The cumulative ELCR for the industrial worker exposed to
groundwater via direct contact pathways is 8E-02, exceeding USEPA acceptable risk range of
1E-06 to 1E-04. Chemicals found to be in exceedance, along with their individual ELCRs, are as
follows:

 benzo(a)anthracene, 8E-05
 benzene, 4E-02
 benz(a)pyrene, 1E-03
 benzo(b)fluoranthene, 9E-05
 benzo(k)fluoranthene, 5E-06
 bis(2-ethylhexylphthalate), 1E-04
 bromodichloromethane, 7E-06
 chloroform, 7E-06
 dibenz(a,h)anthracene, 5E-04
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 1,4-dichlorobenzene, 3E-06
 1,2-dichloroethane, 2E-06
 ethylbenzene, 9E-06
 indeno(1,2,3-cd)pyrene, 5E-04
 1-methylnaphthene, 3E-05
 naphthalene, 4E-02
 1,2,4-trichlorobenzene, 1E-05
 arsenic, 4E-05
 chromium, 2E-05

The total noncancer HI for industrial workers exposed to groundwater via direct contact pathways
was found to be 1465, exceeding USEPA’s acceptable level of 1.  Chemicals found to exceed the
acceptable HQ of 1 individually are provided in the following list:

 benzene, 460
 benz(a)pyrene, 11
 naphthalene, 971
 1,2,4-trichlorobenzene, 8
 manganese, 3
 thallium, 4

Because the HI for industrial workers exceeds 1, the individual HQs for these chemicals are
segregated and summed by target organs/systems effects, as shown on Table 2.13, to determine
if HIs for any organ or system exceeds 1. As shown on Table 2.13, the HIs for the immune system,
reproductive effects, respiratory effects, nervous system, and endocrine system effects exceeds
1.

All of the chemicals noted above resulting in ELCRs exceeding 1E-06 and HQs exceeding 1 are
moved forward and deemed to be COCs for industrial workers via direct contact pathways. PCS
are calculated for all, as presented in Section 2.8.

Industrial workers were evaluated for exposure to groundwater via vapor intrusion, as shown on
the VISL printout, Table B3.4. Vapor intrusion risks for industrial workers are summarized on
Table 2.12. The cumulative ELCR for industrial workers VI pathway is 4E-04, which exceeds the
USEPA’s acceptable risk range of 1E-06 to 1E-04. The primary contributor to that cumulative
cancer risk is naphthalene. The HI for industrial workers VI pathway is 10, which exceeds the
UESPA’s acceptable noncancer HI of 1. All of the noncancer hazard HI is contributed by
naphthalene. Because of these demonstrated risks, naphthalene is deemed to be a COC for
industrial workers exposed to groundwater via the vapor intrusion pathway and corresponding
PCSs are calculated and presented in Section 2.8.
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Construction workers were evaluated for exposure to groundwater via the direct contact
pathways of dermal contact (if groundwater is encountered while trenching) and inhalation of
volatiles that may collect in a trench.  Table B3.5 presents the risk calculations for construction
workers for all direct contact pathways and these risk results are summarized on Table 2.12.  The
cumulative ELCR for construction workers exposed to groundwater is 3E-03, which exceeds the
USEPA’s acceptable risk range of 1E-06 to 1E-04. Two chemicals are the major contributors to
that risk, specifically benzene (2E-03) and naphthalene (1E-03). The HI for construction workers
exposed to groundwater is 1546, which exceeds the USEPA’s acceptable level of 1. Three
chemicals are major contributors to that risk, specifically benzene (542), bezn(a)pyrene (2),
naphthalene (992), and cyanide (6). The case of cyanide is discussed further in Section 2.7,
Uncertainties.

Because the HI exceeds 1 for construction workers exposed to groundwater, the individual HQs
for these chemicals are segregated and summed by target organs/systems effects, as shown on
Table 2.13, to determine if HIs for any organ or system exceeds 1. As shown on Table 2.13, the
HIs for the immune system, reproductive effects, respiratory effects, and nervous system effects
exceeds 1.

Chemicals deemed to be COCs for construction workers exposed to groundwater include:
 benzene
 benz(a)pyrene
 naphthalene

The COCs noted above are moved forward and PCSs are calculated, as presented in Section
2.8.

2.7 Uncertainty Analysis

There are a number of factors that contribute uncertainty to the estimates of exposure and risk
presented above.  Uncertainties based upon derivation and use of toxicological values are
inherent in each risk characterization.  Some of these include:

The use of animal data to predict potential human health effects.
Extrapolation of experimental data obtained by exposing animals to high chemical doses
to the likely outcome in humans following exposure to low chemical levels in the
environment.
The use of conservatively derived toxicological criteria.
The lack of toxicity data for some chemicals evaluated in the risk characterization.
Lack of toxicity criteria specific for evaluating the dermal route of exposure.
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When evaluating exposure, probable scenarios are developed to estimate conditions and duration
of human contact with a COPC. Scenarios are based on observations or assumptions about the
current or potential activities of human populations that could result in direct exposure. To prevent
underestimations of risk, scenarios incorporate exposure levels, frequencies, and durations at or
near the top end of the range of probable values. This reasonable maximum exposure (RME)
approach is one that may be at the high end of the range of possible exposures.

Default values, such as ingestion rates, are used in the exposure calculations to quantify intakes.
Although these values are based on USEPA-validated data, there is uncertainty in the applicability
of such values to any particular exposed population or individual. To compensate for this
uncertainty, the default values are typically set to the upper end (usually the 90th or 95th

percentile) of the normal range.

The lack of surface soil data presents uncertainty with regard to the likely exposure scenario for
the industrial worker.  While this receptor was evaluated for limited exposure to soil (0.5 to 15-
feet bls), the typical exposure scenario would be that of incidental ingestion, dermal contact, and
inhalation of surface soil.  However, because this is a highly industrialized area of the facility, the
industrial workers spend more of their time on asphalt and/or concrete that is covering the surface
soil.  If surface soil were exposed, it would be likely that risks to this receptor may have been
underestimated.  Most of the working areas of SMA 3 are covered with pavement; therefore,
investigation and potential remediation of surface soil in SMA 3 will be delayed until such time as
the plant closes or operations in this area cease.

Another issue of uncertainty is in regard to the age of the site media analytical data. Soil analytical
data dates back 10 to 20 years in some cases, while only the most recent groundwater data is
from 2016. The assumption used in the risk assessment is that chemical concentrations in soil
(0.5- to 15-ft bls) and groundwater are the same today as when they were sampled and analyzed.
Assuming no new releases to the site, for some constituents, like inorganics, it is likely that the
total concentrations are similar today to when they were first analyzed. Hence for inorganics, risk
estimates are not likely to be over- or underestimated, based just on the age of the data. But
generally, the current total concentration of organic chemicals may not be similar to their previous
concentrations as they have the ability to biodegrade over time. While some of the organics
retained as COCs are more complex and not likely to degrade rapidly (e.g., PAHs), the present
concentrations are likely to be slightly lower today. In the event biodegradation has occurred, it is
possible that true risks are less than the estimated risks in this risk assessment.

There is another area of uncertainty for soil risk estimates, specifically, for naphthalene.
Naphthalene is a site contaminant and has also been detected in site groundwater. However,
there is one soil naphthalene result that may be an outlier. The maximum concentration detected
in the 29 soil samples of SMA 3 is 4,500 mg/kg. The second highest detected concentration is
480 mg/kg, an order of magnitude lower. There are two additional samples near this value (i.e.,
250 and 300 mg/kg), with all remaining samples near the detection limit. Hypothetically removing
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the highest concentration, and re-running ProUCL for a new EPC, results in the ELCR for
naphthalene for industrial workers of 5E-07, with an HQ of 0.01. Similarly, the ELCR for
construction workers is 2E-06, with an HQ of 0.3. No adjustments have been made in the risk
assessment results, all data remain in the full data set. However, describing this uncertainty may
be helpful in the risk management efforts for SMA 3.

There is also uncertainty relevant to cyanide in groundwater. The estimated HQ for construction
workers trenching was found to be 6, as shown on Table 2.12; risk calculations are presented on
Table B3.5 in Appendix B. The entire contribution for this HQ is via the pathway of inhalation while
working in a trench. Of the 31 groundwater samples collected for SMA 3, only one was analyzed
for cyanide. The reported cyanide concentration was 30 µg/L, and because it is the only data
available, this value was used to represent the EPC. Because only one sample was analyzed,
data are inadequate to calculate a representative EPC. Hence, cyanide is not moved to being
considered as a COC and no PCS has been provided.

Additional areas of uncertainty exist in regard to the exposure pathways selected for
quantification.  For example, groundwater was evaluated as a potable source for the industrial
worker.  Presently, groundwater is prohibited from being used for such purposes.  Further, there
is no evidence pointing to a change in the future, at least not for this area.  Therefore, evaluating
risks to industrial workers who drink and shower with site groundwater is likely to be an overly
conservative approach.

2.8 Preliminary Cleanup Standards

Preliminary Cleanup Standards (PCSs) were calculated for every chemical resulting in a risk
result greater than 1E-06 for cancer effects and 0.1 for noncancer effects.  These chemicals are
also known as COCs, or risk drivers, as they are the chemicals which would potentially be moved
forward to the Corrective Measures Study phase to evaluate alternatives for clean-up to ensure
protectiveness.  In order to evaluate clean-up strategies, a clean-up level must first be
established, hence the need to calculate PCSs.  Likewise, for noncancer effects, PCSs were
calculated for chemicals demonstrating an estimated HQ greater than 1, at target HQs of 0.1, 1,
and 3. PCSs for soil, for both industrial workers and construction workers, are presented on Table
2.14. PCSs for groundwater, for both industrial workers (direct contact and vapor intrusion) and
construction workers, are presented on Table 2.15.

The process to calculate PCSs is essentially the risk calculation process in reverse.  To calculate
PCSs, a target risk level is first determined, such as 1E-06, and then the concentration of the
COC in soil or groundwater, which would result in that level of risk is determined.  The same
exposure parameters and pathways are utilized to calculate PCSs as were used to calculate risk.

To provide risk managers with more information, PCSs are calculated for a breadth of target risks.
For cancer effects, PCSs are calculated at the target cancer risks of 1E-06, 1E-05, and 1E-04.
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Likewise, for noncancer effects, PCSs are calculated at target HQs of 0.1, 1, and 3. PCSs for soil,
for both industrial workers and construction workers are presented on Table 2.14. PCSs for
groundwater, for both industrial workers (direct contact and vapor intrusion) and construction
workers are presented on Table 2.15.

The PCSs recommended for use in the CMS are those that will both comply with federal and state
regulatory levels and that are also deemed to be protective to the most likely human receptors.
While USEPA provides an ‘acceptable risk range’ of 1E-06 to 1E-04 for carcinogens, as published
in the National Contingency Plan (NCP) (USEPA, 1991), the PCSs associated with these levels
are quite broad.  In consideration of the fact that the State of Alabama recognizes an ELCR of
1E-05 as a target level for derivation of site clean-up goals, as published in the Alabama Risk-
Based Corrective Action Guidance Manual (Alabama, 2008) and that 1E-05 falls within the
USEPA’s recognized acceptable risk range, PCSs developed for SMA 3 at 1E-05 will be moved
forward to further evaluate the site in the CMS portion of this report.
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 IDENTIFICATION AND DEVELOPMENT OF PRELIMINARY
CLEANUP STANDARDS AND GENERAL RESPONSE ACTIONS

This CMS Report presents the results of the step-by-step evaluation of corrective measure
alternatives at SMA 3 under the 2016 AOC. This report reflects the typical CMS format, with
Sections 3.0 through 7.0 organized to match the four steps of the CMS process.

This section presents Step 1 of the CMS Process – Development of Cleanup Goals, Corrective
Action Objectives, and General Response Actions.  Corrective Action Objectives (CAOs) are
medium-specific goals for protecting human health and the environment.  Attainment of these
goals, which specify the COCs, the exposure route(s), and acceptable contaminant levels for
each receptor, will result in residual concentrations that are within acceptable levels of risk to
human health and the environment.  Therefore, the purpose of Step 1, as summarized in this
section, is to establish media cleanup goals such that CAOs can be developed and general
response actions can be identified for the protection of site receptors from potentially
contaminated media at SMA 3.

3.1 Preliminary Cleanup Standards (PCSs) From Human Health Risk
Assessment

Medium-specific, as well as chemical-specific PCSs were calculated during the risk assessments
developed in Section 2.0 as required by the 2016 AOC.  For this CMS, acceptable exposure levels
for the contaminants of concern calculated in the risk assessment for SMA 3 (Section 2.0) were
used to develop PCSs.  The media cleanup goals provide current and long-term considerations
to use during analysis and selection of corrective action alternatives (CAAs).

The risk assessment results calculated in Section 2.0 were prepared to calculate cumulative total
risk.  The cumulative industrial/commercial risk and construction worker risk exceeded an excess
lifetime cancer risk (ELCR) of 1E-04 and a hazard index (HI) of 1.0.  Therefore, for COCs that
exceeded an ELCR of 1E-06 or a HI of 0.1, Preliminary Cleanup Standards (PCSs) were
calculated.  The PCSs were calculated to levels that would achieve a target risk levels of 10-4,
10-5, and 10-6 and target Hazard Indexes of 3, 1, and 0.1 for each COC and are presented in the
following sections.

As discussed in the OSWER Directive 9355.0-30 dated April 22, 1991, acceptable risk levels,
where the cumulative carcinogenic risks to an individual based on reasonable exposure, can
range from 1E-04 to 1E-06 as long as the cumulative excess lifetime carcinogen site risk is less
than 1E-04 and the noncancer hazard quotient (HQ) is less than 1.  PCSs were calculated for
each receptor for each media type for chemicals that demonstrate an excess lifetime cancer risk
(ELCR) greater than 1E-06 and an HQ of 1.  For chemical carcinogens, PCSs were calculated at
the target levels of 1E-06, 1E-05, and 1E-04, and for noncarcinogens, PCSs were calculated at
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the target HQs of 0.1, 1, and 3. In order to meet the goal of the cumulative excess lifetime
carcinogen site risk being less than 10-4 across all media, the analytical samples from each
sample media were compared to the calculated PCS with the ELCR of 1E-05 or an HQ of 1.0.

Section 2.0 above determined that risks for all potential receptors other than the industrial and
construction worker scenarios fell within USEPA’s acceptable range; therefore, PCSs were
calculated for only the industrial/commercial worker scenario and the construction worker
scenario for all completed pathways as appropriate.

 Soil (0.5-15 ft bls) PCSs

Soil samples collected from SMA 3 during previous investigations are shown on Figure 2-1. The
soil samples included all soil samples collected between 0.5- to 15-ft bgs interval in SMA 3. These
samples were used to calculate the soil risk to the receptors. A summary of the analytical data for
the soil (0.5- to 15-ft bls) collected in SMA 3 is included as Table 1 in Appendix A.  The soil risk
summary based on the exposure assumptions for Industrial Workers is included as Table 3-1,
and the soil risk summary based on the exposure assumptions for Construction Workers is
included as Table 3-2.  A summary of PCSs for soil (0.5 to 15-feet bls) in SMA 3 is presented in
Table-3-3.

Table 3-1
Risks Summary - Industrial Workers, Exposure to Soil (0.5 ft to 15 ft)

Major Contributors to Total Risk† - Summed Over All Exposure Pathways
Chemical ELCR HQ
Naphthalene 4E-06 0.05

ELCR = Excess Lifetime Cancer Risk
HQ = Hazard Quotient
†Chemicals exhibiting ELCRs greater than 1E-06 and HQs greater than 1.0.
NA = not applicable; toxicity factors are not available for these chemicals

Table 3-2
Risks Summary - Construction Workers, Exposure to Soil (0.5 ft to 15 ft)
Major Contributors to Total Risk† - Summed Over All Exposure Pathways

Chemical ELCR HQ
Naphthalene 1E-05 2.0

ELCR = Excess Lifetime Cancer Risk
HQ = Hazard Quotient
†Chemicals exhibiting ELCRs greater than 1E-06 and HQs greater than 1.0.
NA = not applicable; toxicity factors are not available for these chemicals

Although the ELCR associated with soil (0.5 to 15-feet bls) fell within USEPA’s acceptable range,
PCSs were calculated for the constituents that exceeded an ELCR of 10-6 or an HQ of 0.1. The
PCSs were calculated for a target risk level of 10-4, 10-5, and 10-6 and a target hazard index of
3, 1, and 0.1.  The PCSs are shown in Table 3-3 below. Since the cumulative HI was greater than
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1.0, the target HI of 0.1 was used as a cleanup trigger. The PCS chosen to act as a cleanup
trigger level on a domain averaging basis is the most conservative calculated value between the
ELCR of 10-5 or a HQ of 1. The PCSs for the soil (0.5 to 15-feet bls) are highlighted in green.

Table 3-3
Preliminary Cleanup Standards (PCSs) for SMA 3 Soil (0.5 ft to 15 ft)

 (Units in mg/kg)

Target Risk Level Target Hazard Quotient
Chemical of Concern 1.0E-06 1.0E-05 1.0E-04 .1 1 3

Industrial Workers
Naphthalene 510 5,096 50,961

Construction Workers
Naphthalene 137 1,372 13,720 87 872 2,616

 Groundwater PCSs

Groundwater samples were collected during previous investigations in SMA 3 (Figure 2-2). A
summary of the analytical data for the groundwater collected in SMA 3 is included in Table 2 in
Appendix A.  The groundwater risk summary based on the exposure assumptions for Industrial
Workers and Construction Workers is included as Table 3-4. A summary of PCSs for groundwater
in SMA 3 is presented in Table 3-5, and the relevant MCLs/RSL are included as Table 3-6.

Table 3-4
Risks Summary - Industrial/Commercial Workers and Construction Workers

Exposure to Groundwater
Risk Summed Over All Exposure Pathways

Industrial Worker Construction Workers
Direct Contact Vapor Intrusion Direct Contact

Chemical ELCR HQ ELCR HQ ELCR HQ
Acenaphthene 0.02 0.0004
Acenaphthylene
Benzo(a)anthracene 8E-05 1E-07
Benzene 4E-02 460 9E-07 0.01 2E-03 542
Benzo(a)pyrene 1E-03 11 1E-06 2
Benzo(b) uoranthene 9E-05
Benzo(g,h,i)perylene
Benzo(k) uoranthene 5E-06 5E-09
Bis(2-ethylhexyl)phthalate 1E-04 1 4E-08 0.01
Bromodichloromethane 7E-06 0.001 2E-07 0.004
Carbazole
Chlorobenzene 1 0.1 0.08



CMS – SMA 3 Coke Manufacturing Plant (Revision 1.0)
Bluestone Coke  Birmingham, Alabama
October 21, 2021  Terracon Project No. E1137112

Responsive Resourceful Reliable 3-4

Industrial Worker Construction Workers
Direct Contact Vapor Intrusion Direct Contact

Chemical ELCR HQ ELCR HQ ELCR HQ
Chloroform 7E-06 0.01 0.001 2E-07 0.003
Chrysene 3E-07 4E-10
Dibenz(a,h)anthracene 5E-04 7E-07
Dibenzofuran 0.8 0.1
1,4-Dichlorobenzene 3E-06 0.001 8E-08 0.0004
1,2-Dichloroethane- 2E-06 0.3 4E-08 0.002
2,4-Dimethylphenol 0.02 0.0002
Ethylbenzene 9E-06 0.01 1E-06 0.002 2E-07 0.001
Fluorene 0.03 0.0003
Indeno(1,2,3-cd)pyrene 5E-04 5E-07
Isopropylbenzene 0.04 0.1
Methylcyclohexane
1-Methylnaphthalene 3E-05 0.04 1E-07 0.004
2-Methylnaphthalene 1 0.1
Naphthalene 4E-02 971 4E-04 10 1E-03 992
Phenanthrene
Pyrene 0.03 0.0002
Toluene 1 0.2
1,2,4-Trichlorobenzene 1E-05 8 4E-08 1
o-Xylene 0.05 0.04
m,p-Xylenes 0.2 0.1
Xylenes 0.3 0.05
Aluminum, Total 0.02 0.0001
Antimony, Total 0.2 0.005
Arsenic, Total 4E-05 0.3 6E-09 0.001
Barium, Total 0.01 0.0004
Cadmium, Total 0.03 0.002
Chromium, Total 2E-05 0.03 1E-07 0.003
Cobalt, Total 0.3 0.00004
Iron, Total 0.3 0.001
Manganese, Total 3 0.2
Mercury 0.3 0.3
Thallium, Total 4 0.004

HI= 8E-02 1465 4E-04 10 1E-03 1546
ELCR = Excess Lifetime Cancer Risk HQ = Hazard Quotient
Bold Highlighted = ELCR>1E-06 and HQ>1

Groundwater risk for vapor intrusion was also calculated for industrial/commercial workers.  The
vapor intrusion screening indicates a risk of only naphthalene in excess of an ELCR of 10E-04
and a HI of 1.0.  See Section 3.1.4 below for a discussion of vapor intrusion lines of evidence.
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PCSs were calculated for the constituents that exceeded an ELCR of 10-6 or an HQ of 1.  The
PCSs calculated from the groundwater samples are shown below in Table 3-5.  In order to meet
a cumulative risk level of less than an ELCR of 10-4 or a HI of 1.0.  The PCS chosen to act as a
cleanup trigger on a domain averaging basis is the most conservative calculated value between
the ELCR of 10-5 or a HQ of 1. The PCSs for the groundwater samples are highlighted in green.

Table 3-5
Preliminary Cleanup Standards (PCSs) for Groundwater

(Units in ug/l)

Target Cancer Risk Target Hazard Quotient

Chemical of Concern 1E-6 1E-5 1E-4 0.1 1 3
Industrial Worker – Direct Contact Pathway
Benzo(a)anthracene 0.05 0.5 5
Benzene 0.75 7.5 75 6.2 62 186
Benzo(a)pyrene 0.003 0.03 0.3 0.04 0.4 1.1
Benzo(b) uoranthene 0.06 0.6 6
Benzo(k) uoranthene 0.35 3.5 35
Bis(2-ethylhexyl)phthalate 0.06 0.6 6
Bromodichloromethane 0.18 1.8 18
Chloroform 0.29 2.9 29
Dibenzo(a,h)anthracene 0.004 0.04 0.4
1,4-Dichlorobenzene 0.62 6.2 62
1,2-Dichloroethane- 0.25 2.5 25
Ethylbenzene 2.3 23 230
Indeno(1,2,3-cd)pyrene 0.02 0.2 2
1-Methylnaphthalene 2.76 27.6 276
Naphthalene 0.17 1.7 17 0.75 7.5 22.4
1,2,4-Trichlorobenzene 2.81 28.1 281 0.49 4.9 14.8
Arsenic, Total 0.22 2.2 22
Chromium, Total 0.36 3.6 36
Manganese, Total 222.3 2,223 6,668
Thallium, Total 0.12 1.2 3.5
Industrial Worker – Vapor Intrusion Pathway
Naphthalene 20.04 200.4 2,004 73 731 2,192
Construction Workers – Direct Contact Pathway
Benzene 15.66 156.6 1,566 5.3 53 158
Benzo(a)pyrene 0.23 2.3 6.8
Naphthalene 4.95 49.5 495 0.73 7.3 21.9
The green highlighted concentrations are the PCS’s determined for the groundwater at the site
for the constituents that exceeded an ELCR of 1.0E-05 or a HQ of 1.0.  The orange highlighted
concentration is the PCS for potential vapor intrusion calculated during the risk assessment.



CMS – SMA 3 Coke Manufacturing Plant (Revision 1.0)
Bluestone Coke  Birmingham, Alabama
October 21, 2021  Terracon Project No. E1137112

Responsive Resourceful Reliable 3-6

 Summary of PCSs

Table 3-6 below lists the summary of PCSs highlighted in green from the soil (0.5-15 ft bls)

Table 3-6
Preliminary Cleanup Standards (PCSs) Summary for Soil (0.5-15 ft bls)

Soil
ECLR (mg/kg)
(Carcinogen

Constituents)

HQ (mg/kg)
(Non-Carcinogen

Constituents)
Chemical of Concern 1.0E-05 1.0
Naphthalene 872

Table 3-7 lists the Inhalation screening level in orange from the groundwater Table 3-5.

Table 3-7
Vapor Intrusion Screening (VIS) Levels for Groundwater

Groundwater
ECLR (mg/kg)
(Carcinogen

Constituents)

HQ (mg/kg)
(Non-Carcinogen

Constituents)
Chemical of Concern 1.0E-05 0.1
Naphthalene 200.4

Table 3-8 below lists the Groundwater PCSs highlighted in green from Table 3-5.

The current USEPA MCLs and Tapwater RSLs (if MCL not available) are also included in table
3-8 below.  The MCLs are the concentrations required to meet the groundwater restoration goal
if the surficial aquifer at the site was determined to be a drinking water source.

Table 3-8
Preliminary Cleanup Standards (PCSs) Summary

Groundwater
Groundwater

ECLR (ug/L)
(Carcinogen

Constituents)

HI (ug/L)
(Non-Carcinogen

Constituents)
MCL/Tapwater

RSL (ug/L)
Chemical of Concern 1.0E-05 1.0
Benzo(a)anthracene 0.5 0.03
Benzene 7.5 5
Benzo(a)pyrene 0.03 0.2
Benzo(b) uoranthene 0.6 0.025
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Groundwater
ECLR (ug/L)
(Carcinogen

Constituents)

HI (ug/L)
(Non-Carcinogen

Constituents)
MCL/Tapwater

RSL (ug/L)
Chemical of Concern 1.0E-05 1.0
Benzo(k) uoranthene 3.5 2.5
Bis(2-ethylhexyl) phthalate 0.6 6
Bromodichloromethane 1.8 80
Chloroform 2.9 80
Dibenzo(a,h)anthracene 0.04 0.025
1,4-Dichlorobenzene 6.2 75
1,2-Dichloroethane- 2.5 5
Ethylbenzene 23 700
Indeno(1,2,3-cd)pyrene 0.2 0.25
1-Methylnaphthalene 27.6 1.1
Naphthalene 7.5 0.12
1,2,4-Trichlorobenzene 4.9 70
Arsenic, Total 2.2 10
Chromium, Total 3.6 100
Manganese, Total 2,223 43
Thallium, Total 7.3 2

 Vapor Intrusion

The COC that exceeded the ELCR screening for vapor intrusion was naphthalene in groundwater.
As presented on Figure 3-3 there are two plumes of naphthalene that exceed the established VIS
levels for groundwater.  One area is approximately 500 feet long x 250 wide and is located in the
southern portion of SMA 3 near SWMUs 5, 7, 8, and 9. The second area is approximately 1,300
feet long x 450 feet wide and is located in the area of SWMUs 10, 11, and 37.  There are
approximately 4 small buildings within the two plumes that house an electric and mechanical shop
and a couple of offices.  Only one of the buildings identified has personnel present during an 8-
hour shift.  Most of the buildings have employees that only occupy the building less than a couple
of hours a day.

These two plumes are located inside the larger AOC E – Coke Plant Groundwater Plume shown
on Figures 3-4 and 3-5.

The two groundwater plumes with naphthalene exceeding the VIS and the buildings within them
will be assessed using a multiple lines of evidence approach (OSWER Technical Guide for
Assessing and Mitigating the Vapor Intrusion Pathway from Subsurface Vapor Sources to Indoor
Air, USEPA June 2015) during the Corrective Measure Implementation (CMI) to determine if -
further-action is warranted. If further action is determined to be necessary, the plan of action will
be included as part of the CMI Workplan.
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3.2 Estimated Areas and Volumes of Affected Media

Based on the results of the previous investigations and the cleanup goals established in the HRRA
risk assessment, approximate areas of affected media at SMA 3 were identified. Areas were
calculated based on assumptions as required by the 2016 AOC to be above the PCS established
in Section 3.1. However, not all of the estimated media will necessarily be the subject of corrective
action because (1) some media do not present an unacceptable risk and (2) any corrective action
will be to achieve the media-specific PCS on a domain averaging basis.

 Soil (0.5-15 feet bgs)

The following PCS were exceeded in the soil (0.5 to 15-feet bls):

Naphthalene – CO-TG035

The soil (0.5 to 15-feet bls) COCs above the PCS are presented in Table A-1 and on Figure 3-1
The cumulative ELCR was below 10-4, and the cumulative HI was less than 1.0.

The soil (0.5 to 15-feet bls) was screened against the groundwater protection soil screening levels
(GWP SSLs).  The GWP SSLs are used to evaluate chemical concentrations in soil (0.5 to 15-
feet bls) as a means of determining if measured site soil concentrations present a potential threat
for future contamination of groundwater.  GWP SSLs used for screening of SMA 3 soil (0.5 to 15-
feet bls) chemical concentrations were derived in the Phase III RCRA Facility Investigation Report
(Arcadis & CH2MHill, 2009).  If SSLs were not available in the Phase III report, SSLs provided on
USEPA’s RSL table (June 2017) were used.  Chemical screening against groundwater protection
SSLs is presented on Table A-1.  Of the chemicals with a FOD greater than 5%, the 95% UCL of
the mean for the chemicals listed below were found to exceed their respective SSLs in SMA 3
soil (0.5-15 feet bls).

Benzene
Tetrachloroethene
1-Methylnaphthalene
2-Methylnaphthalene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Carbazole
Chysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-cd)pyrene
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Naphthalene
Antimony
Arsenic
Chromium
Iron
Manganese
Mercury
Selenium

At least one constituent exceeded the groundwater protection soil screening levels (GWP SSL)
in each of the following soil samples:

CM-SB0003 through CM-SB0013;
CM-SB0015 through CM-SB0027;
CM-SB0029 through CM-SB0037;
CM-SB0039;
10-SB0003;
10-SB0004;
10-SB0005;
10-SB0006;
1B-DB0004;
2B-SB003
37-SB002
37-SB003
CO-TG14
CO-TG35
CO-TG45-SB
CO-TG64-SB
CO-TG73
CO-TG83-SB
CO-TG86
CO-TG100-SB
CO-TG101

The subsurface soil sample locations which have COCs exceeding the GWP SSLs are highlighted
on Figure 3-2.

The cumulative ELCR for SMA 4 was greater than 10-4, and an overall goal of corrective
measures at SMA 4 will therefore be to move the cumulative ELCR to within USEPA’s acceptable
risk range of 10-4 to 10-6.  In light of that, we are of the opinion that the soil (0.5-15 ft bls)
concentrations are not a threat to human health or environmental receptors and soil (0.5-15 ft
bls)is not in need of active remediation.  We base this opinion on the following:
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Because of greater relative risks presented by other media, corrective measures on those
other media alone are expected to lower the ELCR and HI to USEPA’s acceptable risk
range.
The cumulative subsurface soil ELCR and the HI are in USEPA’s acceptable ranges.
In addition, since the completion of the ELCR, USEPA released a toxilogical review of
benzo(a)pyrene (Bap).  Their results indicate that BaP is 7.3 times less potent as an oral
carcinogen than previously thought, and is half as potent as an inhalation carcinogen.
Therefore, the calculated PCS in subsurface soil for BaP is extremely conservative.
The arsenic concentrations range from 7.5 parts per million (ppm) to 45 ppm in the soil
(0.5-15 ft bls).  This is an industrial facility and USEPA has allowed cleanup values as high
as 37.0 ppm in residential soils in the state of Alabama.

 Groundwater

As part of the CMS SMA 3 revision, additional groundwater analytical data that was collected in
2016 was included in the data set used to calculate the risks and PCSs for groundwater.

The areal extent of affected groundwater was determined by screening the detected
concentrations at each groundwater monitoring well versus the applicable VIS, PCS, and
MCL/RSL.  The exceedances in SMA 3 are presented below by constituent.  Figure 3-3 illustrates
the VI exceedances, Figure 3-4 shows the PCS exceedances, and Figure 3-5 illustrates the
MCL/RSL exceedances.

VI Exceedances

Naphthalene – MW-58, MW-59, MW-60, MW-75, MW-82, MW-83

PCS Exceedances

1,2,4-trichlorobenzene – MW-81, MW-83
1,4-dichlorobenzene- MW-83
Chloroform-MW-68S, P 20
Ethylbenzene-MW-58, MW-59, MW-60, MW-83
Benzo(a)pyrene-MW-83
Bis(2-ethylhexyl)phthalate-MW-59, MW-68S
Indeno(1,2,3-cd)pyrene-MW-75
Arsenic-MW-68D, MW-74, MW-77, MW-82
Chromium- MW-68D, MW-74, MW-83
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MCL/RSL Exceedances

Benzene – MW-58, MW-59, MW-60, MW-75, MW-81, MW-82, and MW-83
1-Methylnaphthalene – MW-58, MW-59, MW-60, MW-75, MW-77, MW-82, MW-83
Benzo(a)anthracene – MW-75, MW-82, MW-83
Benzo(b)fluoranthene – MW-75, MW-83
Benzo(k)fluoranthene – MW-75, MW-83
Dibenz(a,h)anthacene – MW-83
Naphthalene – MW-58, MW-59, MW-60, MW-61, MW-75, MW-77, MW-81, MW-82, MW-83,

P 19S, P 32
Manganese – MW-58, MW-59, MW-60, MW-61, MW-68D, MW-74, MW-75, MW-77, MW-81,

MW-82, MW-83, P 15, P 16B, P 18, P 19D, P 19S,P 20

3.3 Corrective Action Objectives

The corrective action objectives (CAOs) are medium-specific goals and specify the COCs, the
exposure route(s) and receptor(s), and an acceptable contaminant level (i.e., remediation goal).
The overall CAOs for SMA 3 are:

Protect human health and the environment.
Achieve the chemical-specific PCSs for each media, including restoration of groundwater
to drinking water standards, if practicable, or other applicable standards.

o Selection of cleanup standards also requires the establishment of points of
compliance which represents where the media clean up levels are to be achieved;
remediation time frame which is the site-specific schedule for a remedy, including
both time frame to construct the remedy and estimate of the time frame to achieve
the cleanup levels at the point of compliance.

Control the source(s) of release so as to reduce or eliminate, to the extent practicable,
further releases of hazardous waste or hazardous constituents that may pose a threat to
human health and the environment.
Comply with any applicable waste management standards.

 Commercial/Industrial Worker

The cumulative risks across all media exceed an ELCR of 10E-04 and a HI of 1.0.  The
groundwater is the predominant factor in the exceedance of the cumulative risk.

 Construction Worker

The cumulative risks across all media exceed an ELCR of 10E-04 and a HI of 1.0.  The
groundwater is the predominant factor in the exceedance of the cumulative risk. In addition, the
HI in soil (0.5-15 feet) for a construction worker is 1.2 which is slightly greater than a HI of 1.0
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3.4 General Response Actions

General response actions describe those actions that will satisfy the CAOs for all media.  General
response actions were considered for evaluation based on their adequacy to address affected
media exceeding the PCSs.  The response actions identified for this CMS are listed below and
described in the subsequent sections.

No Action
Institutional Actions
Containment
Treatment
Removal and Disposal

 No Action

The No Action response establishes a baseline for alternative comparison.  A no action alternative
can include limited environmental monitoring to assess the impacts associated with no remedial
actions but cannot include actions to minimize risk by reducing either contaminant exposure
pathways or contamination through treatment.  The No Action response action proposed for this
site would not include any environmental monitoring, remedial activity, or land use restrictions.

 Institutional Controls

Institutional controls consist of land use controls including any type of physical, legal, or
administrative mechanism that restricts use of or limits access to real property to prevent or
reduce risks to human health and the environment.  Physical mechanisms encompass a variety
of remedies to contain or reduce contamination and may include physical barriers intended to limit
access to property, such as fences or signs.  Legal mechanisms include restrictive covenants,
equitable servitudes, and deed notices.  Administrative mechanisms include notices and
construction permitting or land use management systems that may be used to ensure compliance
with use restrictions.  The legal mechanisms used for land use controls are generally imposed to
ensure that restrictions on land use developed as part of an action remain in place.

 Containment

The containment response action employs a barrier to limit the mobility of a constituent and/or
prevent direct contact with the constituent.
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 Removal

Removal involves the excavation or extraction of affected media.  The affected media will then be
treated or disposed.

3.4.4.1 Treatment

Treatment of removed media involves the isolation of hazardous constituents from the media.
Treatment will be evaluated as a means to reduce concentrations to acceptable levels or to create
conditions that will limit or restrict constituent mobilization.  The result is a reduction of the toxicity,
mobility, or volume.

3.4.4.2 Disposal

Disposal of removed material involves the transport of media to an appropriate permitted off-site
disposal facility. Disposal will be evaluated as a means to remove the hazardous material from
the site for appropriate disposal.
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 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND
PROCESS OPTIONS

This section describes the identification and screening of potentially applicable corrective action
technologies and process options for each general response action described in Section 3.0 that
may be applied to reduce and/or eliminate exposure to affected media at SMA 3.  Screening
potential technologies is an optional step and not required in the CMS process according to the
Corrective Measures Study Scope of Work located at the website
http://www.epa.gov/reg3wcmd/pdf/chev6.pdf referenced in Paragraph 29 of the AOC.

The identification of technologies for this CMS has been focused on realistic remedies that will
achieve the corrective action objectives (see Section 3.3) for soil and groundwater at the site.
USEPA presumptive remedies http://www.epa.gov/oerrpage/superfund/policy/remedy/presump/
pol.htm was reviewed and used to streamline the identification process.  Process options that
represented the full spectrum of options for each technology were then identified so that a
technology would not be eliminated during the screening process because of an overly narrow
choice of process options.

The selection of corrective action technologies and process options to be considered for
screening was based solely on technological limitations with respect to the unsuitability for the
COCs identified in the media at SMA 3, the magnitude of COC concentrations, the characteristics
of the materials, the distribution and location of the waste materials, and site-specific conditions
such as topography and hydrogeologic characteristics (USEPA, 1994).  The selected
technologies and process options were then evaluated in terms of effectiveness; reduction of
toxicity, mobility, or volume of waste; implementability; and cost (with particular emphasis on
effectiveness) using a High, Medium, and Low benefit rating system.  A description of the
screening criteria is presented below:

Effectiveness – The effectiveness of a given process option was determined based on its
ability to remediate the estimated volume of contaminated media and meet the cleanup
levels listed in the CAOs.  A High ranking indicates that the technology would be very
effective.

Reduction of toxicity, mobility, or volume of waste; implementability – The effectiveness of
a given process option are based on the ability to destroy, remove, or degrade the existing
contamination.

Implementability – The ease or difficulty to implement the process option was evaluated
in terms of the technical and administrative issues.  A High ranking indicates that the
technology would be easy to implement.
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Cost – A qualitative cost estimate of the process options was evaluated relative to the
other process options under evaluation.  The costs considered include capital costs and
operation and maintenance costs.  A High ranking indicates that the technology would be
relatively inexpensive to implement when compared to the other technologies.

A description of each potentially applicable technology type and associated process options
relative to soils, sediment, and groundwater are presented in the following subsections.

4.1 Soil

 No Action

The No Action response assumes that no additional source control measures will be
implemented, and no monitoring will be performed.  As a result, no technologies or process
options have been identified for the No Action response.  No Action has been retained for further
consideration as a corrective action alternative to serve as a basis of comparison.

 Land Use Controls

The corrective measures technology identified for the institutional controls response is Land Use
Controls.  Land Use Controls consists of physical, legal, and administrative mechanisms to restrict
the use of or limit access to affected areas of the site to protect current and future receptors.

Given that the proposed remedies for each of the SMAs rely on a LUCP, it is anticipated that
USEPA’s final remedy proposal will require an Environmental Covenant pursuant to the Alabama
Uniform Environmental Covenants Act, Code of Alabama 1975, §§35-19-1 to 35-19-14.  Such
covenants are necessary if the final remedy places a land use control at a facility because it is
not being remediated to unrestricted use.

4.1.2.1 Physical Barriers

Physical barriers are mechanisms used to protect human health and the environment from
exposure to the on-site sediments/soils, including fences and warning signs that would limit
access to affected areas of the site.  Fences could be erected around affected areas of the site
and signs or permanent markers could be posted at the boundaries of affected areas of the site
to warn current and future receptors of the remaining constituents and potential exposure.  Each
of these corrective action technologies is technologically feasible and has been retained for further
consideration as a corrective measure alternative.
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4.1.2.2 Legal Barriers

Legal barriers include restrictive covenants and deed notices. Each of these process options is
technologically feasible and has been retained for further consideration as a corrective measures
technology.

4.1.2.3 Administrative Barriers

Administrative barriers could include (1) a LUCP to notify and restrict current receptors from
accessing affected areas of the site and (2) development or use of construction permitting (e.g.,
digging permits) or restrictions to protect future receptors.  These mechanisms have been
retained for further consideration as corrective action technologies.

 Treatment

Treatment technologies identified for soil (0.5-15 feet) remediation at this site are biological and
physical processes.

4.1.3.1 Biological Treatment

Biological treatment technologies typically use naturally occurring bacteria to break down
constituents into simpler, more benign substances.  Bioremediation technologies often encourage
contaminant degradation by enhancing site conditions such as oxygen availability, water,
nutrients, and microorganisms.  Three in-situ process options identified included bioreclamation,
natural attenuation, and phytoremediation.  Biological treatment was retained for evaluation as a
corrective measures technology.

4.1.3.2 Chemical Treatment

Chemical treatment (e.g., chemical oxidation) involves using chemical reactions to transform
organic compounds into more benign substances.  Chemical treatment may include injection of
chemicals such as ozone, peroxide, or other oxidizers.  Chemical treatment was retained for
evaluation as a corrective measures technology.

4.1.3.3 Physical Removal and Treatment

Physical treatment includes process options that separate or stabilize constituents in soil to
prevent migration by various physical methods.  These processes were eliminated from further
consideration due to implementation difficulties associated with remediation of non-homogenous
media in the field and their lack of long-term reliability.
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 Summary of Screening Technologies Retained for Soil Remediation

The following technologies were retained for further consideration for soil remediation:

No Action
Physical Barriers
Legal Barriers
Administrative Barriers
Treatment

4.2 Groundwater

 No Action

The No Action response assumes that no additional control measures will be implemented, and
no monitoring will be performed.  As a result, no technologies or process options have been
identified for the No Action response.  Because some SWMUs have no identified groundwater
contamination, No Action has been retained for further consideration as a corrective measure
alternative to serve as a basis of comparison between the existing and proposed control and/or
groundwater treatment options for the site.

 Institutional Controls

The technologies identified for the Institutional Controls response includes Land Use Controls and
Monitoring.

4.2.2.1 Land Use Controls

The corrective measures technology identified for the institutional controls response is Land Use
Controls.  Land Use Controls consists of physical, legal, and administrative mechanisms to restrict
the use of or limit access to affected areas of the site to protect current and future receptors.

Given that the proposed remedies for each of the SMAs rely on a LUCP, it is anticipated that
USEPA’s final remedy proposal will require an Environmental Covenant pursuant to the Alabama
Uniform Environmental Covenants Act, Code of Alabama 1975, §§35-19-1 to 35-19-14.  Such
covenants are necessary if the final remedy places a land use control at a facility because it is
not being remediated to unrestricted use.

4.2.2.2 Monitoring

The monitoring technology includes the long-term monitoring and monitored natural attenuation
process options.  These options provide for the collection and analysis of periodic groundwater
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samples to monitor the concentration and/or degradation of constituents within groundwater.  The
long-term groundwater monitoring technology has been retained for further consideration as a
corrective measures technology.

 Containment

Potential containment technologies include the construction of horizontal or vertical barriers to
“contain” or limit potential migration of groundwater.  The containment technology identified for
this site is a soil or asphalt/concrete cap/cover, which would significantly reduce the amount of
infiltration of surface water through the affected soil.  This process option has been retained for
further consideration as a corrective measures technology.

 Treatment

Treatment technologies identified for groundwater remediation at this site are biological, thermal
and physical processes.

4.2.4.1 Biological Treatment

Biological treatment technologies typically use naturally occurring bacteria to break down
constituents into simpler, more benign substances.  Bioremediation technologies often encourage
contaminant degradation by enhancing site conditions such as oxygen availability, water,
nutrients, and microorganisms.  Three in-situ process options identified included bioreclamation,
natural attenuation, and phytoremediation. The process effective for remediation of organic
contaminants (e.g., BaP) is typically not effective for the remediation of inorganic contaminants
(e.g., metals). Therefore, biological treatment was not retained for further evaluation.

4.2.4.2 Thermal Treatment

Thermal treatment uses controlled high-temperature environments to oxidize organic compounds
to produce carbon dioxide and water.  Thermally enhanced groundwater vapor extraction was the
process option identified for use to treat volatile and semi-volatile contaminated groundwater;
however, due to logistics and costs, and this method being ineffective on inorganic contaminants,
thermally enhanced groundwater vapor extraction was not retained for evaluation as a corrective
measures technology.

4.2.4.3 Chemical Treatment

Chemical treatment (e.g., chemical oxidation) involves using chemical reactions to transform
organic compounds into more benign substances.  Chemical treatment may include injection of
chemicals such as ozone, peroxide, or other oxidizers.  Chemical treatment was retained for
evaluation as a corrective measures technology.
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4.2.4.4 Physical Removal and Treatment

Physical treatment includes process options that separate or stabilize constituents in groundwater
to prevent migration by various physical methods.  These processes were eliminated from further
consideration due to implementation difficulties associated with remediation of non-homogenous
media in the field and their lack of long-term reliability.

In addition, hydraulic control of groundwater by using electrical or pneumatic pumps is a physical
process.  Once the groundwater is removed, chemical processes would be used to remove any
contaminants from the groundwater.  Treatment of recovered groundwater would be
accomplished using the process water treatment system which eventually uses the existing BTF
for final treatment.  This treatment option has been retained for further consideration as a
corrective measures technology.

 Summary Screening Technologies Retained for Groundwater Remediation

The following technologies were retained for further consideration for groundwater remediation:

No Action
Physical Barriers
Legal Barriers
Administrative Barriers
Long Term Groundwater Monitoring
Treatment
Physical Removal and Treatment
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 DEVELOPMENT OF CORRECTIVE ACTION ALTERNATIVES

Potential remedies for addressing contamination in site media are developed by assembling
combinations of remedial measure technologies screened in Section 4.0 in order to meet the
CAOs. Once Corrective Action Alternatives are developed, the alternatives will be compared
against one another in Section 6.0. The Corrective Action Alternative chosen for the site will be
recommended and justified in Section 7.0.

5.1 Corrective Measure Technology Screening

The corrective measure technologies (CMT) remaining from the screening process (Section 4.0)
have been combined in this section to develop corrective action alternatives (CAA) for soil and
groundwater that meet the CAOs for SMA 3.  The CMT and process options to be evaluated are
listed in the table below:

Table 5-1
List of Corrective Measure Technologies and Process Options

No. General Response
Action

Corrective Measure
Technology Process Options

CMT1 No Action None None
CMT2 Institutional Actions Land Use Controls Physical Barriers (Fence/Signs)
CMT3 Institutional Actions Land Use Controls Legal Barriers
CMT4 Institutional Actions Land Use Controls Administrative Barriers
CMT5 Institutional Actions Sampling or Monitoring Soil Sampling or Groundwater LTM
CMT6 Containment Capping Soil Cap/Asphalt of Concrete Cover

CMT7 Treatment Chemical Treatment In-Situ Injection for Soil and/or
Groundwater

CMT8 Removal and Disposal Excavation Targeted Soil Removal
CMT=Corrective Measure Technology

The CMTs listed in the above table were evaluated individually for each media and each exposure
pathway in terms of satisfying the components of the CAOs developed for the site.  If the
implementation of a given CMT would result in the partial attainment of the CAOs for that media
in Tables 5-2 and 5-3, then it was assigned a yes and selected as a corrective measure
technology.  When all of the individual media and exposure pathways had been assessed
individually, then the individual CMTs were combined to form CAAs that are presented in
Table 5-4.
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Table 5-2
Evaluation and Screening of Potential
Corrective Action Alternatives for Soil

No.
General

Response
Action

Corrective Action
Technology

(Process Option)

Soil

Satisfy CAO for
Construction Worker? Satisfy CAO for

Industrial Worker?

CMT1 No Action None NO NO

CMT2 Institutional
Actions

Physical Barriers
(Fence/Signs) YES YES

CMT3 Institutional
Actions Legal Barriers YES YES

CMT4 Institutional
Actions

Administrative
Barriers YES YES

CMT5 Containment
Soil Cap or

Asphalt/Concrete
Cover

NA NA

CMT6 Treatment In-Situ Injection NA NA

CMT7 Removal and
Disposal

Targeted Excavation
and Disposal NA NA

CMT=Corrective Measure Technology
NA = Not Applicable since the PCSs in soil (0.5 to 15-feet bls) were not exceeded.

Based on the results of the evaluation as summarized in Table 5-2, the following CMTs met the
requirements of the set of CAOs for soil (0.5-15 feet) in SMA 3 and were selected to be combined
with other media remedial options to form corrective action alternatives:

CMT1: No Action (to serve as a baseline)
CMT2 + CMT3 + CMT4: Land Use Controls (Administrative and Physical)
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Table 5-3
Evaluation and Screening of Potential

Corrective Action Alternatives for Groundwater

No.
General

Response
Action

Corrective Action
Technology

(Process Option)

Groundwater

Satisfy CAO for
Construction Worker? Satisfy CAO for

Industrial Worker?

CMT1 No Action None NO NO

CMT2 Institutional
Actions

Physical Barriers
(Fence/Signs) YES YES

CMT3 Institutional
Actions Legal Barriers YES YES

CMT4 Institutional
Actions

Administrative
Barriers YES YES

CMT5 Institutional
Actions

Groundwater Long
Term Monitoring YES YES

CMT6 Chemical
Treatment In-Situ Injection YES YES

CMT7
Physical

Removal and
Treatment

Groundwater
Pumping and

Treatment
YES YES

CMT=Corrective Measure Technology

Based on the results of the evaluation as summarized in Table 5-3, the following CMTs met the
requirements of the set of CAOs for groundwater in SMA 3 and were selected to be combined
with other media remedial options to form CAAs:

CMT1: No Action (to serve as a baseline)
CMT2 + CMT3 + CMT4: Land Use Controls (Administrative and Physical)
CMT5: Groundwater Long Term Monitoring (LTM)
CMT6: Chemical Treatment
CMT7: Physical Removal and Treatment
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5.2 Corrective Action Alternatives

The corrective action alternatives selected for SMA 3 were intended to represent a broad
spectrum of remedial options, ranging from alternatives such as land use controls that prevent or
control exposure to active alternatives that employ treatment to reduce toxicity, mobility, or
volume.

A total of five corrective action alternatives have been developed by combining the corrective
measure technologies screened in Section 5.1 to satisfy the CAOs for the contaminated media
present in SMA 3.  Parameters specific to SMA 3, including the variation of site activities and
areas of exposure associated with the industrial worker and construction worker scenarios,
allowed for adequate differentiation among the five alternatives with respect to effectiveness,
implementability, and cost.  Although groundwater monitoring is not a corrective measure
technology that will satisfy the CAOs, it is used in conjunction with other groundwater remedial
options to determine the effectiveness of those remedial options as they are implemented.  The
corrective action alternatives (CAA) for the site are listed below:

CAA 1 No Action
CAA 2 Physical, Legal, and Administrative Barriers (Land Use Controls)
CAA 3 Land Use Controls + Groundwater LTM
CAA 4 Land Use Controls + In-Situ Soil Source Area Treatment + In-Situ

Groundwater Treatment + Groundwater LTM
CAA 5 Land Use Controls + In-Situ Soil Source Area Treatment + Groundwater

Removal and Treatment + Groundwater LTM

Additional components of these alternatives with respect to the impacted media at the site are
listed in the table below:

Table 5-4
Components of the Multi-Media Corrective Action Alternatives

Corrective Action Alternatives
Components 1 2 3 4 5

Soil/Sediment
No Action
Land Use Controls

Groundwater
No Action
Land Use Controls
Groundwater LTM
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Corrective Action Alternatives
Components 1 2 3 4 5

Chemical Treatment
Physical Removal and Treatment

A detailed description of each alternative is provided in the subsections below.

 CAA 1—No Action

The No Action corrective action alternative assumes that no further remedial action will occur at
SMA 3 and has been included to establish a baseline for alternative comparison.  Alternative 1
can include limited environmental monitoring to assess the impacts associated with no remedial
response action but cannot include actions to minimize risk by reducing either contaminant
exposure pathway or contamination through treatment.

 CAA 2— Physical, Legal, and Administrative Barriers (Land Use Controls)

The Physical Barrier, Legal Barrier, and Administrative Barrier (Institutional Control) alternatives
consist of administrative and physical mechanisms to place restrictions on the use of and limit
access to the site and/or SWMUs/AOCs to prevent exposure to site contaminants.  SMA 3 is
completely fenced, and the facility is manned twenty-four hours a day 365 days a year.

Applying land use controls at SMA 3 will maintain the site as industrial going forward to:

prevent the site from becoming a future unrestricted residential land use scenario (i.e., to
keep the land use industrial).
be consistent with land use controls proposed to address conditions at the other 4 SMAs
at the facility.
be protective of higher levels of contamination, if any, that may not have been detected
by sampling.
be conservative and protective down to one order of magnitude below the recommended
cancer risk level.

A LUCP would be prepared according to USEPA guidance developed in 2012
(http://www.epa.gov/superfund/policy/ic/guide/index.htm).   The LUCP would identify the objective
of the controls to restrict activities within the SMA 3 boundary, list the actions necessary to achieve
the objective, and warn potential human receptors of the contaminants at the site.  The LUCP is
intended to protect current and future receptors and consists of physical, legal, and administrative
land use controls. The LUCP would include the following information:

A description of the land along with the certified land survey location of the boundary with
respect to state plane coordinates,
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Placing a deed restriction on the property to limit the site to industrial/commercial land use.
Placing a deed restriction on the property to limit the use of groundwater.
An explanation of the land use control including permits to perform any digging activities
and the proper personal protective equipment (PPE) that must be used to protect workers,
and the use of a fence and signs as necessary to prevent unauthorized access,
Identification of the facility program point-of-contact designated responsible for
implementing the LUCP,
An on-site compliance monitoring program,
Notification procedures to USEPA and ADEM whenever the facility anticipates a major
change in land use,
An annual field inspection and report submitted to USEPA and ADEM to document the
effectiveness of the land use controls,
A certification of the annual report by the designated official to continue compliance with
the LUCP,
A procedure to notify USEPA and ADEM immediately upon discovery of any unauthorized
major change in land use or any activity inconsistent with the LUCP and the actions that
would be implemented to ensure protectiveness, and
A procedure to provide advance notification to USEPA and ADEM of impending transfer,
by sale or lease, of SMA 3.

 CAA 3 — Land Use Controls + Groundwater Monitoring

The Land Use Controls and Groundwater Monitoring alternative consists of a combination of
technologies including administrative land use controls and long-term groundwater monitoring.
This alternative would meet the corrective measure objectives by monitoring the affected site
groundwater to ensure the apparent groundwater plume (AOC E) dynamics are acceptable and
implementing a LUCP to protect future receptors in the unlikely event the land use changes.

5.2.3.1 Land Use Controls

The Land Use Control that would be implemented in conjunction with the groundwater monitoring
would be a LUCP as described in Section 5.2.2.  The LUCP is intended to protect current and
future receptors and consists of physical, legal, and administrative land use controls.

5.2.3.2 Groundwater Monitoring

A plume of VOC constituents has been identified in SMA 3. Historic groundwater monitoring
results have shown that the plume encompasses most of the Coke operations.  The plume has
been defined.  A long-term groundwater monitoring program would be developed to monitor the
effectiveness of the selected corrective action.
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 CAA 4 — Land Use Controls + In-Situ Soil Source Area Treatment + In-Situ
Groundwater Treatment + Groundwater Monitoring

The Land Use Controls, In-Situ Soil Source Area Treatment, In-Site Groundwater Treatment, and
Groundwater Monitoring alternative consists of a combination of technologies including
administrative land use controls, in-situ injection for treating soil (0.5-15 feet) and groundwater,
and groundwater monitoring.  This alternative would meet the corrective measure objectives by
reducing and/or eliminating exposure to the affected site media (see Section 3.3) through injection
of bacteria or chemicals to remove contaminants in the soil source areas and groundwater; and
the development and implementation of a LUCP to protect theoretically possible future receptors
in the unlikely event the land use changes. In addition, a long-term groundwater monitoring
program will be developed to monitor the effectiveness of the selected corrective action.

5.2.4.1 Land Use Controls

The Land Use Control that would be implemented in conjunction with the groundwater monitoring
would be a LUCP as described in Section 5.2.2.  The LUCP is intended to work in conjunction
with the treatment of soil and groundwater to prevent exposure to contaminated media during the
remediation process.

5.2.4.2 In-situ Treatment

Soil source areas and groundwater containing various constituents are present in SMA 3: The
soil source area and groundwater plume could be treated in-situ with various types of chemicals
or bacteria.  If the alternative is chosen, bench scale studies would be conducted to determine
the appropriate chemicals or bacteria to be used.  In-situ treatment may:

Reduce concentrations to below the established PCSs to the extent practicable, and
Function with minimum maintenance.

5.2.4.3 Groundwater Monitoring

A long-term groundwater monitoring program would be developed to monitor the effectiveness of
the in-situ groundwater treatment.

 CAA 5 — Land Use Controls + In-Situ Soil Source Area Treatment +
Groundwater Removal and Treatment + Groundwater Monitoring

The Land Use Controls, In-Situ Soil Source Area Treatment, Groundwater Removal and
Treatment, and Groundwater Monitoring alternative consists of a combination of technologies
including administrative land use controls, in-situ injection for treating soil source area (including
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ancillary benefit to groundwater), hydraulic control and groundwater treatment, and groundwater
monitoring.  The groundwater plume identified in SMA 3 (AOC E) would be pumped to gain
hydraulic control of the plume and to remove contaminants.  The water removed from the plume
would be used as process water and treated in the plants light oil process stream.  The pumping
would serve as a hydraulic control to control, and potentially reverse, migration of the plume, and a
means for recovering and treating the plume. A long-term groundwater monitoring program will be
developed to monitor the effectiveness of the selected corrective action.

5.2.5.1 Land Use Controls

The Land Use Control that would be implemented in conjunction with the groundwater monitoring
would be a LUCP as described in Section 5.2.2.  The LUCP is intended to work in conjunction
with the treatment of soil and groundwater to prevent exposure to contaminated media during the
remediation process.

5.2.5.2 In-situ Soil Source Area Treatment

Soil source areas containing various constituents are present in SMA 3: The soil source areas
could be treated in-situ with various types of chemicals or bacteria.  If the alternative is chosen,
bench scale studies would be conducted to determine the appropriate chemicals or bacteria to be
used.  In-situ treatment may reduce soil concentration in the source areas to below the established
PCSs and GWP SSLs. In addition, groundwater will also be treated as an ancillary benefit of the
treatment of the soil source areas.  This will also help to reduce contaminant mass within the
groundwater plume, in addition to the removal and treatment described below.

5.2.5.3 Groundwater Removal and Treatment

In addition to the in-situ source area treatment, groundwater hydraulic control wells would be
installed in SMA 3 in order to contain the plume associated with AOC E and to reduce the size of
the plume.  The hydraulic control system will also aid in moving bacteria/chemicals injected in
association with soil source areas treatment toward the hydraulic control wells located on the
periphery of the groundwater plume.  This will increase the treatment area of the
bacteria/chemicals injected in the source areas.  The hydraulic control well network will be
designed to control the entire plume. The water removed from the plume would be used as process
water and treated in the plants light oil process stream. The process water eventually is treated at
the Bluestone Coke Biological Treatment Facility (BTF).
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5.2.5.4 Groundwater Monitoring

A groundwater monitoring program as described in Alternative 3 in Section 5.2.3.2 would be used
to ensure that the apparent plume does not migrate beyond the facility boundary and determine
the effectiveness of the groundwater removal and treatment.
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 EVALUATION OF THE CORRECTIVE ACTION ALTERNATIVES

There are five corrective action alternatives developed for this site. The purpose of the detailed
analysis is to provide risk managers with a baseline for evaluating alternatives and selecting the
appropriate site remedy.  A typical detailed analysis consists of the following components:

An assessment and summary profile of each alternative individually against the evaluation
criteria.

A comparative analysis among the alternatives to assess the relative performance of each
alternative with respect to each evaluation criterion.

This section presents a detailed analysis of the corrective measure alternatives proposed for SMA
3 and summarizes the degree to which each alternative will comply with the requirements of the
evaluation criteria.

6.1 Evaluation Criteria

To assist in the evaluation of five corrective measure alternatives developed for this site, the nine
evaluation criteria presented in the Advanced Notice of Proposed Rulemaking (ANPR), Corrective
Action for Solid Waste Management Units at Hazardous Waste Management Facilities (USEPA
1996) were used to assess, weigh, and rank the proposed alternatives.  As described in the USEPA
guidance, the criteria are separated into two groups - threshold criteria and balancing criteria, as
summarized below:
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Protect Human Health and the Environment

Attain Media Cleanup Standards

Threshold Criteria
Control the Source of Release(s)

Comply with Applicable Standards for Waste
Management

Long-Term Reliability and Effectiveness

Reduction of Toxicity, Mobility or Volume of
Wastes

Balancing Criteria Short-Term Effectiveness

Implementability

Cost

Community Acceptance

State Acceptance

 Threshold Criteria

The four threshold criteria are described below:

Protect Human Health and the Environment:  Alternatives are evaluated to determine
if implementation will provide and maintain adequate protection of human health and the
environment by eliminating, reducing, or controlling site exposures to acceptable risk
levels established in the corrective action objectives.

Attain Media Cleanup Standards:  Alternatives are evaluated to determine if their
implementation would result in the attainment of media cleanup standards derived from
existing state or federal regulations, as well as site-specific PCSs.  In addition, the time
frame necessary for the alternative to meet the standards is included.

Control the Source of Releases:  Alternatives are evaluated to determine if their
implementation would control or eliminate current and future releases (to the extent
possible) that may pose a threat to human health and the environment.
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Comply with Applicable Standards for Waste Management:  Alternatives are
evaluated to determine if waste management activities associated with the implementation
of each alternative would be conducted in compliance with all applicable state or federal
regulations.

 Balancing Criteria

The five balancing criteria are described below:

Long-Term Reliability and Effectiveness:  Alternatives are evaluated with respect to
their demonstrated and expected reliability and permanence based on the degree of
certainty that the alternative would prove to be successful in establishing controls to
eliminate or manage the risk posed by treatment residuals and/or untreated wastes.  Each
alternative is also evaluated in terms of its projected useful life (i.e., the length of time the
level of effectiveness can be maintained).

Reduction of Toxicity, Mobility, or Volume of Wastes:  Alternatives are evaluated to
determine the degree to which their implementation would reduce or eliminate the toxicity,
mobility, or volume of waste at the site.  This evaluation focuses on specific factors,
including the amount of hazardous materials that will be destroyed or treated, the expected
reduction of the toxicity, mobility, and volume, the degree to which the treatment will be
irreversible, and the type and quantity of treatment residuals.

Short-Term Effectiveness:  Alternatives are evaluated with respect to the short-term
risks that might be posed to the community, workers, and the environment during the
construction and implementation of the alternative.  Each alternative is also evaluated in
terms of the time that site conditions are protective of human health and the environment.

Implementability:  Alternatives are evaluated in terms of the ease or difficulty of their
implementation considering the technical and administrative feasibility.  Technical
feasibility includes difficulties and unknowns associated with constructability, time for
implementation, time for beneficial results, and availability of technologies, as well as the
availability of adequate off-site treatment, storage capacity, disposal services, and
technical services and materials.  Administrative feasibility includes permits, rights of way,
and off-site approvals and the length of time necessary to obtain any approvals.

Cost:  Alternatives are evaluated in terms of the net present value of capital costs and the
present worth of the annual operation and maintenance costs.  Capital costs consist of
direct costs and indirect costs.  Direct costs include labor, equipment, and materials
expenditures necessary to install the corrective measure.  Indirect costs include
engineering, financial, and other service fees apart from installation activities.  Cost
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analyses for the corrective action alternatives are derived from a number of sources,
including vendor estimates, estimates from similar projects, actual experience at other
sites, and standard costing guidance references.  With respect to CERCLA, remedial
action alternatives requiring perpetual care are limited to thirty years.  This same limitation
will be used for costing the corrective action alternatives presented in this document.

Community Acceptance:  The final CMS will be placed on public notice. The public will
then be able to comment on the proposed remedies. This balancing criteria will not be
addressed further in this document since USEPA will take this criteria into account during
the public notice process for the Statement of Basis.

State Acceptance:  USEPA will evaluate the remedies based on the degree to which they
are acceptable to the State of Alabama in which the subject facility is located.  This is
particularly important where USEPA, not the State, selects the remedy. This balancing
criteria will not be addressed further in this document since USEPA will take this criteria
into account during the public notice process for the Statement of Basis.

6.2 Individual Analysis of the CAAs

This section consists of the evaluation of the relative performance of each of the five alternatives
selected for SMA 3 individually in terms of the four threshold criteria described above. Several
questions are asked for each of the four threshold criteria.  The threshold criteria must be met for
each remedy under consideration in order for it to move forward for additional consideration.  The
threshold criteria are scored either yes, no, or not applicable (NA).  The NA response would also
be a positive answer for the threshold criteria.

Risks to human health from soil (0.5 to 15-feet bls) contamination of Naphthalene considered to
warrant active remediation based on the results of the HHRA. In addition, the potential leaching
of some constituents from soil to groundwater was noted. Therefore, soil (0.5 to 15-feet bls)
source areas containing relatively higher concentrations of these constituents would be subject
to treatment in some of the CAAs to address this apparent leaching potential.

Groundwater contamination is considered to need active remediation based on the results of the
HHRA for the construction worker and industrial worker scenarios.  The CAAs have been
prepared to compare alternatives to most effectively remediate the groundwater.

 CAA 1 — No Action

Under Alternative 1, no action would be taken to mitigate or remediate conditions at the site or
control exposure of receptors to the contaminated media.   Therefore, the site would remain as it
currently exists. The detailed analysis of CAA 1 with respect to the four threshold criteria is
described in detail below and summarized in Table 6-1.
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CAA 1 - Protect Human Health and the Environment: The environment is protected because there
are no ecological receptors in SMA 3.  The No Action alternative, human health and the
environment would not be protected because soil and groundwater contamination would remain
unaddressed and, contamination at levels exceeding residential risk screening levels exists.
Specifically, the risks assessed for this SMA were for industrial and construction scenarios, and
the recommended cleanup standards were such that no detected areas of contamination required
active remediation under these two scenarios.  However, contamination at levels exceeding
residential risk screening levels exists.  Because no action will be taken to maintain land use as
industrial (i.e., no action taken to prevent any exposure in a future residential setting), human
health would not be protected.  Based on the information above, the implementation of this
alternative would not meet the requirements of this threshold criterion.

CAA 1 - Attain Media Cleanup Standards:  The risks assessed for this SMA were for industrial
and construction scenarios, and the recommended cleanup standards were such that no detected
areas of contamination required active remediation under these two scenarios.  However, soil
contamination at levels exceeding residential risk screening levels does exist.  Because levels of
contamination would remain in place at the site and no action will be taken to prevent any
exposure in a future residential setting, residential media cleanup standards would not meet the
requirements of this threshold criterion.

CAA 1 - Control the Source of Releases: Because there are affected media that have not been,
capped, removed, or contained, the implementation of this alternative would not meet the
requirements of this threshold criterion.

CAA 1 - Comply with Applicable Standards for Waste Management:  Since no actions would be
performed under this alternative, no wastes would be generated.  The requirements of this
threshold criterion would be met.

Table 6-1
Summary of Threshold Criteria

CAA 1 – No Action
Evaluation Criteria Specific Criteria Factor Considerations

Protect Human Health and
the Environment

Would exposure be controlled, reduced, or eliminated? No

No
Attain Media Cleanup
Standards

Will cleanup goals for surface exposure be met? No
Will cleanup goals for subsurface exposure be met? No

No

Control Source of
Releases

Are further releases reduced or eliminated? No
Is the time frame for attaining the media cleanup
standards short? No

No
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Evaluation Criteria Specific Criteria Factor Considerations

Comply With Standards
for Waste Management

Will waste handling activities be performed in
accordance with state and federal regulations?

Yes

Yes

Since CAA 1 fails three of the four threshold Criteria, it will not move forward for comparisons to
the balancing criteria.

 CAA 2 — Physical, Legal, and Administrative Barriers (Land Use Controls)

This alternative involves the restriction of access and activities at the site through the development
of a LUCP.  The detailed analysis of CAA 2 with respect to the to the four threshold criteria is
described in detail below and summarized in Table 6-2.

CAA 2 - Protect Human Health and the Environment:  CAA 2 provides fencing, signage, and/or
land use controls to reduce the exposure of receptors in SMA 3.  The area of SMA 3 is currently
inside the fenced and secured area of the facility.  The exposure of the authorized visitors (i.e.,
the maintenance and on-site workers) to the affected media would be reduced through controls
such as PPE requirements and dig permits or restrictions that would be outlined in the LUCP.
This alternative would not reduce the levels of contamination in in SMA 3 below the cumulative
industrial/commercial ELCR of 10-4 or HI of 1.0; however, the LUCP would prevent complete
exposure pathways. Therefore, this threshold criterion would be met.

CAA 2 - Attain Media Cleanup Standards: soil (0.5 to 15-feet bls)exceeding the PCS would be left
in place under this scenario; therefore, this threshold criterion would not be met.

CAA 2 - Control the Source of Releases:  Because affected media would not be remediated under
this CAA, the CAA would not actively reduce the potential, if any, for further releases. Since no
active remediation would be conducted under this scenario, cleanup time would be many years.
The implementation of this alternative would not meet the requirements of this threshold criterion.

CAA 2 - Comply with Applicable Standards for Waste Management:  Since no remedial actions
will be performed under this alternative, no wastes will be generated.  The requirements of this
threshold criterion would be met.
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Table 6-2 Summary of Threshold Criteria
CAA 2 – Physical, Legal, and Administrative Barriers (Land Use Controls)

EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS

Protect Human Health and
the Environment Would exposure be controlled, reduced, or eliminated? Yes

Yes
Attain Media Cleanup
Standards

Will cleanup goals for surface exposure be met? Yes
Will cleanup goals for subsurface exposure be met? No

No

Control Source of
Releases

Are further releases reduced or eliminated? No
Is the time frame for attaining the media cleanup
standards short? No

No
Comply With Standards
for Waste Management

Will waste handling activities be performed in
accordance with state and federal regulations? Yes

Yes

Since CAA 2 fails three of the four threshold Criteria, it will not move forward for comparisons to
the balancing criteria.

 CAA 3 — Land Use Controls + Groundwater Monitoring

Under this alternative, a long-term groundwater monitoring plan would be implemented and a LUCP
would be developed.  The detailed analysis of CAA 3 with respect to the four threshold criteria is
described in detail below and summarized in Table 6-3.

CAA 3 - Protect Human Health and the Environment:  CAA 3 provides fencing, signage, and land
use controls to reduce the hypothetical exposure of receptors in SMA 3.  The area of SMA 3 is
currently fenced and secured.  The exposure of the authorized visitors (i.e., the maintenance and
on-site depot workers) to the affected media will be reduced to acceptable levels through controls
such as PPE requirements and dig permits or restrictions that would be outlined in the LUCP.  In
addition, a long-term groundwater monitoring plan would be prepared.  Once approved, the long-
term groundwater monitoring would provide information on groundwater concentrations in SMA 3.
This alternative would not reduce the levels of contamination in in SMA 3 below the cumulative
industrial/commercial ELCR of 10-4 or HI of 1.0; however, the LUCP would prevent complete
exposure pathways. Therefore, this threshold criterion would be met.

CAA 3 - Attain Media Cleanup Standards: Soils exceeding the PCS would be left in place under
this scenario; therefore, this threshold criterion would not be met.

CAA 3 - Control the Source of Releases:  Because affected media would not be remediated under
this CAA, the CAA would not actively reduce the potential, if any, for further releases is not
reduced or eliminated. The implementation of this alternative would not meet the requirements of
this threshold criterion.
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CAA 3 - Comply with Applicable Standards for Waste Management:  Purged groundwater would be
generated during groundwater monitoring; however, it would be properly managed.  Therefore, the
requirements of this threshold criterion would be met.

Table 6-3 Summary of Threshold Criteria
CAA 3 – Land Use Controls + Groundwater Monitoring

EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS

Protect Human Health and
the Environment Would exposure be controlled, reduced, or eliminated? Yes

Yes
Attain Media Cleanup
Standards

Will cleanup goals for surface exposure be met? Yes
Will cleanup goals for subsurface exposure be met? No

No

Control Source of
Releases

Are further releases reduced or eliminated? No
Is the time frame for attaining the media cleanup
standards short? No

No
Comply With Standards
for Waste Management

Will waste handling activities be performed in
accordance with state and federal regulations? Yes

Yes

Since CAA 3 fails three of the four threshold Criteria, it will not move forward for comparisons to
the balancing criteria.

 Alternative 4 — Land Use Controls + In-Situ Soil Source Area Treatment +
In-Situ Groundwater Treatment + Groundwater Monitoring

Under this alternative, chemicals or bacteria would be injected into contaminated soil source areas
and groundwater in-situ. A long-term groundwater monitoring plan would be implemented to monitor
the effectiveness of the in-situ treatment, and a LUCP would be developed.  The detailed analysis
of CAA 4 with respect to the four threshold criteria is described in detail below and summarized in
Table Table 6-4.

CAA 4 - Protect Human Health and the Environment:  CAA 4 provides in-situ treatment of the soil
source areas and groundwater to minimize the exposure to hypothetical current and future
receptors. The exposure of the authorized visitors (i.e., the maintenance and on-site workers) to
the affected media would be reduced through controls such as PPE requirements and dig permits
or restrictions that would be outlined in the LUCP. In addition, the LUCP would ensure that the
site remains in industrial/commercial use in order to protect any residential receptors. The soil
source areas and groundwater have concentrations exceeding the cumulative
industrial/commercial ELCR of 10-4 or HI of 1.0. The in-situ treatment of the soil source areas
and groundwater could reduce the contaminant concentrations to below the cumulative
industrial/commercial ELCR of 10-4 or HI of 1.0.  Land use controls will also be used to block the
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exposure pathways for otherwise potential future residential receptors. Long term groundwater
monitoring would be needed to verify that in-situ treatment achieves the PCSs established for soil
(0.5 to 15-feet bls) and groundwater.  If the in-situ treatment is effective, it would protect human
health and the environment. CAA 4 could meet this threshold criteria.

CAA 4 - Attain Media Cleanup Standards:  The medium-specific cleanup standards for the soil
source areas and groundwater would be achieved by in-situ treatment to reduce concentrations to
the PCS (to be confirmed by confirmatory sampling and analysis).  The timeframe for obtaining the
media cleanup standards would be relatively short compared to natural attenuation depending on
the number of injections required to reduce contaminant concentrations to levels below the PCS.

The groundwater plume is approximately 3,100 feet long by 1,050 feet wide.  The majority of the
groundwater flow is limited to a thickness of approximately 3 feet and an average porosity of 0.3.
Based on this estimation there is approximately 22 million gallons of contaminated water. The
groundwater velocity of the site is approximately 64 feet per year as calculated during the Phase
III RFI.  Assuming in-situ treatment of groundwater at the upgradient boundary of the plume and
in-situ treatment of the soil source area, it would take approximately 16.5 years for the in-situ
treatment media to travel through the plume to the downgradient plume boundary.  If in-situ
treatment media was introduced on the upgradient boundary and at the middle of the plume, the
timeframe would be reduced to approximately 8 years.  It is likely injection of treatment media
would need to occur multiple times since the injected media would be degraded while breaking
down the contaminants.  Based on these assumptions, the currently estimated timeframe for
obtaining the media cleanup standards is 15 to 20 years. The point of compliance to meet the PCS
and MCLs is on average throughout the plume. CAA 4 would meet the requirements of this
threshold criterion.

CAA 4 - Control the Source of Releases:  The in-situ treatment of the soil source areas and
groundwater to cleanup standards would more than effectively control any risk of additional
groundwater releases.  Multiple in-situ injection event over time may be needed.  CAA 4 meets the
requirement of this threshold criterion.

CAA 4 - Comply with Applicable Standards for Waste Management:  All of the wastes generated
under this alternative would be managed according to the state and federal regulations associated
with treatment.  Therefore, the requirements of this threshold criterion would be met.

Table 6-4 Summary of Threshold Criteria
CAA 4 – Land Use Controls +In-Situ Soil Source Area Treatment + In-Situ Groundwater Treatment

+ Groundwater Monitoring
EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS

Protect Human Health and
the Environment Would exposure be controlled, reduced, or eliminated? Yes
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EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS

Yes
Attain Media Cleanup
Standards

Will cleanup goals for surface exposure be met? Yes
Will cleanup goals for subsurface exposure be met? Yes

Yes

Control Source of
Releases

Are further releases reduced or eliminated? Yes
Is the time frame for attaining the media cleanup
standards short? Yes

Yes
Comply With Standards
for Waste Management

Will waste handling activities be performed in
accordance with state and federal regulations? Yes

Yes

Since CAA 4 meet the four threshold Criteria, it will move forward for comparisons to the balancing
criteria.

 Alternative 5 — Land Use Controls + In-Situ Soil Source Area Treatment +
Groundwater Removal and Treatment + Groundwater Monitoring

CAA 5 includes the in-situ treatment of the soil source areas (including groundwater in the
immediate vicinity) and removal and treatment of the contaminated groundwater.  A long-term
groundwater monitoring plan would be implemented to monitor the effectiveness of the remediation,
and a LUCP would be developed. The detailed analysis of CAA 5 with respect to the four threshold
criteria is described in detail below and summarized in Table 6-5.

CAA 5 - Protect Human Health and the Environment:  CAA 5 provides for the in-situ treatment of
soil source areas (with ancillary treatment of groundwater) and also provides for the removal and
treatment of groundwater, all to minimize the exposure to hypothetical current and future receptors.
The exposure of the authorized visitors (i.e., the maintenance and on-site workers) to the affected
media would be reduced through controls such as PPE requirements and dig permits or
restrictions that would be outlined in the LUCP. In addition, the LUCP would ensure that the site
remains in industrial/commercial use in order to protect any residential receptors.  The soil source
areas and groundwater have concentrations exceeding the PCSs.  The in-situ treatment of soil
source area could reduce the contaminant concentrations to below the PCSs and prevent
recontamination of groundwater. The removal and treatment of the contaminated groundwater
will result in removal of contaminants.  Land use controls will also be used to block the exposure
pathways for otherwise potential future residential receptors. Long term groundwater monitoring
would be needed to verify that in-situ soil source area treatment and groundwater removal and
treatment achieves the PCSs established for soil (0.5 to 15-feet bls) and groundwater.  If this
combination of treatments is effective, it would protect human health and the environment. CAA
4 could meet this threshold criteria.

There are no ecological receptors in SMA 3; therefore, ecological risk is not applicable for SMA 3.
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CAA 5 - Attain Media Cleanup Standards:  The soil source area specific cleanup standards would
be expected to be achieved by in-situ soil source area treatment, and the groundwater cleanup
standard would be expected to be achieved by hydraulic control and treatment of the groundwater
in SMA 3 (although groundwater will receive some ancillary treatment from the in-situ soil source
area treatment, as well).  The in-situ treatment of the residual contamination in the soil source areas
will help achieve the cleanup standards for the soil (0.5 to 15-feet bls). The recovered groundwater
will be reused as process water for the plant’s light-oil system.  The water used in this process is
treated through the on-site biological treatment plant. Through this removal of the groundwater
contaminants, cleanup standards will be achieved.  Soil verification sampling and long-term
groundwater monitoring and analysis will be used to verify that CAA 5 is effective.

The groundwater plume is approximately 3,100 feet long by 1,050 feet wide.  The majority of the
groundwater flow is limited to a thickness of approximately 3 feet and an average porosity of 0.3.
Based on this estimation there is approximately 22 million gallons of contaminated water.   If a
hydraulic control system could remove approximately 2.5 million gallons of groundwater per year.
Assuming the in-situ treatment of the soil source area could prevent residual contamination
leaching from the soil, it would take approximately 9years to remove the entire volume of
contaminated water.  It is likely injection of treatment media to the soil source areas would need
to occur multiple times to completely treat the relevant soil to prevent contaminants from leaching
to groundwater. Since groundwater flow is not homogeneous due to the fracture flow, it may take
time for some diffusion of contaminants from low flow areas to be captured by the hydraulic control
system.  Based on these assumptions, the currently estimated timeframe for obtaining the media
cleanup standards is 15 to 20 years.  The point of compliance to meet the PCS and MCLs is on
average throughout the plume. CAA 5 would meet the requirements of this threshold criterion.

CAA 5 - Control the Source of Releases: The in-situ treatment of the soil source areas would more
than effectively control any risk of additional releases to groundwater from existing soil conditions.
This will allow the hydraulic control to capture and treat the groundwater as needed to achieve
cleanup standards. CAA 5 meets the requirement of this threshold criterion.

CAA 5 - Comply with Applicable Standards for Waste Management:  The wastes generated under
this alternative would be managed according to the state and federal regulations associated with
treatment and disposal.  Therefore, the requirements of this threshold criterion would be met.

Table 6-5 Summary of Threshold Criteria
CAA 5 – Land Use Controls + In-Situ Soil Source Area Treatment + Groundwater Removal and

Treatment + Groundwater Monitoring
EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS

Protect Human Health and
the Environment Would exposure be controlled, reduced, or eliminated? Yes

Yes
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EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS

Attain Media Cleanup
Standards

Will cleanup goals for surface exposure be met? Yes
Will cleanup goals for subsurface exposure be met? Yes

Yes

Control Source of
Releases

Are further releases reduced or eliminated? Yes
Is the time frame for attaining the media cleanup
standards short? Yes

Yes
Comply With Standards
for Waste Management

Will waste handling activities be performed in
accordance with state and federal regulations? Yes

Yes

Since CAA 5 meets the four threshold Criteria, it will move forward for comparisons to the
balancing criteria.

6.3 Comparative Analysis

This comparative analysis identifies the advantages and disadvantages of each alternative which
met the four threshold criteria relative to one another using the balancing criteria to enable the
risk managers to identify key tradeoffs.  The relative performance of each alternative has been
evaluated in relation to each of five balancing criteria: long-term reliability and effectiveness;
reduction of toxicity, mobility, or volume of waste; short-term effectiveness; implementability; and
cost.  The balancing criteria are then scored on a scale of 0 to 5 with high being the highest score.
If a particular criteria has more than one question, the average of the ratings are calculated to
establish the criteria rating.  A maximum balancing criteria score of 25 is possible for each CAA.
Since this is only relative based on five of the balancing criteria, the chosen CAA may not receive
the highest score. A particular balancing criteria may have an overriding effect on the CAA
chosen.

CAA 4 – Land Use Controls + In-Situ Soil Source Area Treatment + In-Situ Groundwater
Treatment + Groundwater Monitoring and CAA 5 – Land Use Controls + In-Situ Soil Source Area
Treatment + Groundwater Removal and Treatment + Groundwater Monitoring are the only two
CAAs to satisfy each of the four threshold criteria of the CAAs evaluated; therefore, CAA 4 and CAA
5 will be evaluated with respect to the five balancing criteria.

 Balancing Criteria for CAA 4 — Land Use Controls + In-Situ Soil Source
Area Treatment + In-Situ Groundwater Treatment + Groundwater
Monitoring

CAA 4 - Long–Term Reliability and Effectiveness:  The in-situ treatment of the affected groundwater
in SMA 3 would provide an initial reduction in contaminant concentrations; however, the long-term
reliability of this treatment is less clear.  The potential challenge of reaching all of the contaminated
media in fractured bedrock is an additional complication. The long-term groundwater monitoring will
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assist in evaluating the effectiveness of the in-situ treatment.  If multiple treatments were effective,
the estimated useful life of the in-situ treatment would be greater than 30 years.  CAA 4 partially
satisfies this balancing criterion.

CAA 4 - Reduction of Toxicity, Mobility, or Volume of Wastes:  CAA 4 effectively reduces the toxicity,
mobility, and volume of contaminated groundwater; however, due to the heterogeneity of the site,
fully achieving groundwater cleanup standards could be difficult.  Therefore, this balancing criterion
would be partially satisfied.

CAA 4 - Short-Term Effectiveness:  CAA 4 would pose minimal risk to site workers.  PPE and
proper injection procedures would also minimize any potential risks to site workers during site
activities.  There are some potential short-term environmental risks depending on the type of
chemicals or bacteria (much of the time a combination of both) chosen for the in-situ remediation,
but those are considered negligible. Short term risk to groundwater would be reduced quickly;
however, some “bounce back” may occur. Therefore, this balancing criterion would be partially
satisfied.

CAA 4 – Implementability:  CAA 4 would be relatively hard to implement. Performing a bench-scale
pilot study to determine the appropriate chemicals or bacterium to inject can be burdensome.  The
effectiveness and reliability of in-situ treatment varies based on the heterogeneity of soil and
fractures within the bedrock and the effectiveness of delivering the injected material to the targeted
media. The design, testing, and implementation of the in-situ injection would require 18 to 24 months
to complete; however, it takes 6 months to one year to receive an underground injection control
(UIC) permit in Alabama.  If additional injection events were required, the estimated time would
increase. Therefore, this balancing criterion would be partially satisfied.

CAA 4 – Cost:  The capital costs for implementing this alternative include bench-scale treatment
studies, cost of injected material, cost for UIC permit, cost of delivering injected material to
targeted media, and confirmatory sampling of media.  Confirmatory sampling, long term
groundwater monitoring and LUCP preparation costs would also be incurred for this alternative.
The estimated 30-year present cost for CAA 4 is approximately $1,500,000.

Table 6-3. Detailed Analysis of Alternatives – Evaluation Summary and Scoring
CAA 4 — Land Use Controls + In-Situ Soil Source Area Treatment + In-Situ Groundwater

Treatment + Groundwater Monitoring
EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS SCORE

Long-Term Reliability and
Effectiveness

How capable is the alternative in providing mitigation or
reduction of the severity of the source(s) of potential risk?

5

How capable is the alternative in providing long-term
protection for receptors through containment systems?

2

How capable is the alternative in providing long-term
protection for receptors through institutional controls? 5

4.0
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EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS SCORE

Reduction of Toxicity,
Mobility, or Volume of

Waste

How much does the alternative reduce the toxicity of the
waste?

3

How much does the alternative reduce the mobility of the
waste?

2

How much does the alternative reduce the volume of the
waste?

5

3.3

Short-Term Effectiveness

How capable is the alternative at providing short-term
effectiveness to address the risk to the community? 5

How capable is the alternative at providing short-term
effectiveness to address the risk to the workers? 5

How capable is the alternative at providing short-term
effectiveness to address the risk to the ecological
receptors?

5

5.0

Implementability

What is the level of difficulty to find adequate TSD
services, supplies, and/or equipment?

5

What is the level of difficulty to implement, operate, and
maintain the chosen technology?

5

What is the level of difficulty to implement and maintain
the chosen administrative components?

5

What is the level of difficulty to implement the alternative
in a short time?

5

5.0

Cost

Are costs less than $100,000? 0
Are costs less than $250,000? 0
Are costs less than $500,000? 0
Are costs less than $1,000,000? 0
Are costs less than $2,000,000? 5 1.0

Total 18.3

 Balancing Criteria for CAA 5 — Land Use Controls + In-Situ Soil Source
Area Treatment + Groundwater Removal and Treatment + Groundwater
Monitoring

CAA 5 - Long–Term Reliability and Effectiveness:  The hydraulic control and treatment of
groundwater in AOC D provides a reliable and long-term corrective measure.  The implementation
of this alternative would minimize the primary concerns associated with this site.  This type of
remediation is widely used and is effective and reliable.  The estimated useful life of this remediation
would be greater than 30 years.  Therefore, CAA 5 satisfies this balancing criterion.

CAA 5 - Reduction of Toxicity, Mobility, or Volume of Wastes:  CAA 5 effectively reduces the toxicity,
mobility, and volume by remediation of contaminated soil in the source areas and groundwater.
Therefore, this balancing criterion would be satisfied.
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CAA 5 - Short-Term Effectiveness:  CAA 5 would pose minimal risk to site workers and the
environment by using PPE and proper construction methods such as dust control techniques.
The hydraulic control and treatment of groundwater would pose minimal risk to site workers and
the environment since the water will be used in the plant process and eventually be treated in the
Biological Treatment Facility.  The implementation of this alternative would not result in risk to the
community.  Therefore, this balancing criterion would be satisfied.

CAA 5 – Implementability:  CAA 5 would be relatively easily implemented. The necessary
equipment, materials, and services for excavation and transport would be readily available.  The
completion of this alternative would accomplish the corrective measure objectives.  The necessary
equipment, materials, and services for groundwater hydraulic control are readily available and
already installed at the site as part of the Interim Measures for this portion of the facility. Therefore,
this alternative is, in effect, already being implemented.  Therefore, this balancing criterion would
be satisfied.

CAA 5 – Cost:  The capital costs would include installation of hydraulic control wells, installation
of pumps and piping.  Additional costs would include bench-scale treatment studies, cost of
injected material, cost for UIC permit, cost of delivering injected material to targeted media,
confirmatory sampling of media, the preparation of a LUCP, and long-term groundwater
monitoring. The estimated 30-year present cost for CAA 5 is approximately $1.900,000.

Table 7-3. Detailed Analysis of Alternatives – Evaluation Summary and Scoring
CAA 5 — Land Use Controls + In-Situ Soil Source Area Treatment + Groundwater Removal and

Treatment + Groundwater Monitoring
EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS SCORE

Long-Term Reliability and
Effectiveness

How capable is the alternative in providing mitigation or
reduction of the severity of the source(s) of potential risk?

5

How capable is the alternative in providing long-term
protection for receptors through containment systems?

5

How capable is the alternative in providing long-term
protection for receptors through institutional controls?

5

5.0

Reduction of Toxicity,
Mobility, or Volume of

Waste

How much does the alternative reduce the toxicity of the
waste? 3

How much does the alternative reduce the mobility of the
waste? 5

How much does the alternative reduce the volume of the
waste? 5

4.3

Short-Term Effectiveness

How capable is the alternative at providing short-term
effectiveness to address the risk to the community? 5

How capable is the alternative at providing short-term
effectiveness to address the risk to the workers? 5
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EVALUATION CRITERIA SPECIFIC CRITERIA FACTOR CONSIDERATIONS SCORE

How capable is the alternative at providing short-term
effectiveness to address the risk to the ecological
receptors?

5

5.0

Implementability

What is the level of difficulty to find adequate TSD
services, supplies, and/or equipment?

5

What is the level of difficulty to implement, operate, and
maintain the chosen technology? 5

What is the level of difficulty to implement and maintain
the chosen administrative components? 5

What is the level of difficulty to implement the alternative
in a short time? 5

5.0

Cost

Are costs less than $100,000? 0
Are costs less than $250,000? 0
Are costs less than $500,000? 0
Are costs less than $1,000,000? 0
Are costs less than $2,000,000? 5 1.0

Total 20.3
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 JUSTIFICATION AND RECOMMENDATION OF THE CORRECTIVE
MEASURES

7.1 Remedy Selection

The foregoing analyses result in the following conclusions:

COCs exceeded an ELCR of 10-6 and an HI of 0.1 in soil and groundwater.
For the construction worker scenario and industrial worker scenario, the cumulative risk
across all media is greater than an ELCR of 10-4 and an HI of 1.0.
For the construction worker scenario and industrial worker scenario, the cumulative risk
for soil (0.5 to 15-feet bls) exceeds an HI of 1.0, and several constituents exceed an HQ
of 0.1 for a construction worker setting.
A comparison of soil COC concentrations for leachability to soil factors indicate certain
exceedances of GWP SSLs in soil (0.5 to 15-feet bls).
Naphthalene was the only contaminant in soil that warranted active remediation based on
the risk to human health. In addition, some areas where soil COCs exceed the GWP SSLs
are recommended for remediation.
Active groundwater remediation is also recommended.
Vapor Intrusion risk levels were exceeded for naphthalene in groundwater; the two plumes
of groundwater that indicate a risk of vapor intrusion to indoor air are within the larger
plume of groundwater which has been targeted for remediation in this CMS.

Based on these conclusions and a detailed analysis that was performed individually and
collectively with respect to the five alternatives, Alternative 5 - Land Use Controls + In-Situ Soil
Source Area Treatment + Groundwater Removal and Treatment + Groundwater Monitoring is
recommended as the corrective action alternative for SMA 3.

As presented in Section 5.2.2, the land use controls will include the preparation of a LUCP
according to USEPA Region 4 guidance.  The purpose of the LUCP is

To ensure that the groundwater is not used before remediation is complete.
To ensure that exposure to contaminated soil is mitigated during any future construction
projects.
To ensure that the land use remains industrial/commercial, a scenario that does not pose
unacceptable risk based on detected soil concentrations.

The LUCP will also add a layer of protection beyond that needed to address the level of soil
contamination identified in the risk assessment.  The LUCP will also be:
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consistent with land use controls necessary to deal with contamination above cleanup
standards at the other 4 SMAs.
protective of higher levels of contamination, if any, that may not have been detected by
sampling within SMA 3.
conservative and protective down to one magnitude below the recommended cancer risk
level.

The LUCP would identify the objective of the controls to restrict activities within the SMA 3
boundary, list the actions necessary to achieve the objective, and provide notice to onsite
individuals of the contaminants at the site. It is recommended that the LUCP included, at a
minimum, the following controls:

A description of the land along with the certified land survey location of the boundary with
respect to state plane coordinates,
Placing a deed restriction on the property to limit the site to Industrial/Commercial Land
Use.
An explanation of the land use control including permits to perform any digging activities
and the proper personal protective equipment (PPE) that must be used to protect workers,
and the use of a fence and signs as necessary to prevent unauthorized access,
Identification of the facility program point-of-contact designated responsible for
implementing the LUCP,
An on-site compliance monitoring program,
Notification procedures to USEPA and ADEM whenever the facility anticipates a major
change in land use,
An annual field inspection and report submitted to USEPA and ADEM to document the
effectiveness of the land use controls,
A certification of the annual report by the designated official to continue compliance with
the LUCP,
A procedure to notify USEPA and ADEM immediately upon discovery of any unauthorized
major change in land use or any activity inconsistent with the LUCP and the actions that
would be implemented to ensure protectiveness, and
A procedure to provide advance notification to USEPA and ADEM of impending transfer,
by sale or lease, of SMA 3.

The two groundwater plumes with naphthalene exceeding the VIS and the buildings within them
will be assessed using a multiple lines of evidence approach (OSWER Technical Guide for
Assessing and Mitigating the Vapor Intrusion Pathway from Subsurface Vapor Sources to Indoor
Air, USEPA June 2015) during the CMI to determine if -further-action is warranted with regards
to vapor intrusion. If further action is determined to be necessary, the plan of action will be
included as part of the CMI Workplan.
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Soil source areas will be remediated as needed to achieve cleanup standards based on the GWP
SSL and the PCSs using in-situ treatment. This will help to prevent any further release of
contaminants from the soil to the groundwater and will aid in advancing the groundwater
remediation. Since the area of soil treatment shown on Figures 3-1 and 3-2 are not tied back to
specific SWMUs or AOCs. It is necessary to designate a new AOC that can be used to talk about
the broader soil contamination from identified SWMUs and the broader soil contamination
associated with the facility operations.  The area identified will be referred to as AOC G – Coke
Plant Soil Contamination as we move into the CMI.

The types of biological and chemical in-situ soil source area treatments that will be considered
during the Corrective Measures Implementation (CMI) Phase are:

Sodium sulfite, yeast extract, calcium propionate, nutrient, and micronutrients
Zero Valent Iron
Potassium Permanganate
Hydrogen Peroxide
Hydrogen Release Compound
Oxygen Release Compound
Other Proprietary Chemicals

Groundwater removal and treatment will be conducted on the VOC plume located in SMA 3.
Groundwater hydraulic control wells are currently installed in SMA 3 in order to recover
contaminated groundwater from AOC D and to control the entire groundwater plume.  The
hydraulic control well network will continue to be evaluated to ensure that the entire plume shown
in Figure 3-1 is controlled.  The recovered groundwater is pumped and used as process water
which eventually goes into the equalization tanks and is then sent to the ERP Coke Biological
Treatment Facility (BTF) for subsequent discharge in compliance with ERP Coke’s Clean Water
Act NPDES permit.

In addition, long-term groundwater monitoring will occur to assess the effectiveness of the
remediation system.

The combination of these alternatives will be the most effective, efficient and economical method
to meet the corrective action objectives for SMA 3 and provide long-term protection of human
health and the environment.

7.2 Post-Remedy Selection

After USEPA issues its Response to Comments (RTC) and Final Decision document selecting
the remedy, a Corrective Measures Implementation (CMI) Plan will be needed. The CMI plan will
include the following, at a minimum:
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a. A description of the conceptual design, technical features (e.g., plans and speci cations,
including any treatability studies) and a construction plan for the selected remedy(ies);

b. A proposed schedule that takes into account all phases of the CMI. The schedule should
also include the submittal of documents to support the CMI; and

c. Requirements for removal and decontamination of units, equipment, devices, and
structures that will be used to implement the remedy(ies).
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TABLES FOR SECTION 2.0



CAS No. Chemical Samples Detections FOD Min Max RSL, Industrial SSL COPC? Reason
67641 Acetone 38 15 39.5 67000 92 No 4
71432 Benzene 55.3 5.1 0.11 Yes 1, 2
75150 Carbon disulfide 23.7 350 5.2 No 4
100414 Ethylbenzene 28.9 25 40 No 4
108383/106423 m- and p-Xylenes 58.3 240 na Yes 1
95476 o-Xylene 55.0 280 na No 4
100425 Styrene 5.3 3500 5.6 No 4
127184 Tetrachloroethene 13.2 39 0.08 Yes 2
108883 Toluene 60.5 4700 31 No 4
1330207 Xylenes 59.4 250 490 No 4
90120 1-Methylnaphthalene 55.6 26 0.0051 Yes 1, 2
120-82-1 1,2,4-Trichlorobenzene 33.3 73 5.3 Yes 2
105679 2,4-Dimethylphenol 6.9 1600 0.32 Yes 2
91576 2-Methylnaphthalene 48.3 300 45 Yes 1, 2
95487 2-Methylphenol (o-cresol) 29 1 3.4 3.4 3.4 4100 0.58 Yes 2
65794969 3 & 4 Methylphenol 7.4 8200 na No 4
83329 Acenaphthene 37.9 4500 1400 No 4
208968 Acenaphthylene 17.2 na na Yes 3
120127 Anthracene 44.8 23000 23000 No 4
56553 Benzo(a)anthracene 55.2 21 1 Yes 1, 2, 5
50328 Benzo(a)pyrene 58.6 2.1 16 Yes 1, 2, 5
205992 Benzo(b)fluoranthene 62.1 21 2 Yes 1, 2, 5
191242 Benzo(g,h,i)perylene 55.2 na na Yes 3
207089 Benzo(k)fluoranthene 53.6 210 23 Yes 2, 5
117817 Bis(2-ethylhexyl)phthalate 6.9 160 100 No 4
85-68-7 Benzyl butyl phthalate 33.3 1200 0.15 Yes 2
86748 Carbazole 44.4 na 0.1 Yes 2
108-90-7 Chlorobenzene 75.0 130 3.1 No 4
218019 Chrysene 51.7 2100 69 Yes 2, 5
53703 Dibenzo(a,h)anthracene 37.9 2.1 1 Yes 1, 2, 5
132649 Dibenzofuran 48.3 120 0.11 Yes 1, 2
206440 Fluoranthene 69.0 3000 11000 No 4
86737 Fluorene 55.2 3000 1700 No 4

Number of Concentration

Table 2.1

Chemicals of Potential Concern (COPCs)
SMA 3 - Soil Analytical Data Summary, Chemicals Detected at Least once, all units mg/kg

Bluestone Coke, Birmingham, AL

COPC Screening



CAS No. Chemical Samples Detections FOD Min Max RSL, Industrial SSL COPC? Reason
Number of Concentration

Table 2.1

Chemicals of Potential Concern (COPCs)
SMA 3 - Soil Analytical Data Summary, Chemicals Detected at Least once, all units mg/kg

Bluestone Coke, Birmingham, AL

COPC Screening

193395 Indeno(1,2,3-cd)pyrene 51.7 21 8 Yes 1, 2, 5
91203 Naphthalene 65.5 8.6 0.026 Yes 1, 2
62759 N-Nitrosodimethylamine 29 1 3.4 0.23 0.23 0.034 0.0000001 Yes 1, 2
85018 Phenanthrene 51.7 na na Yes 3
108952 Phenol 6.9 25000 2.6 No 4
129000 Pyrene 69.0 2300 7700 No 4
7429905 Aluminum, Total 26 26 100.0 110000 1000000 No 4
7440360 Antimony, Total 39.3 47 5.4 Yes 2
7440382 Arsenic, Total 96.4 3 6 Yes 1, 2
7440393 Barium, Total 28 28 100.0 22000 1800 No 4
7440417 Beryllium, Total 28 28 100.0 230 700 No 4
7440439 Cadmium, Total 28.6 98 40 No 4
7440473 Chromium, Total 28 28 100.0 6.3 36 Yes 1, 2
7440484 Cobalt, Total 26 26 100.0 35 na Yes 1
7440508 Copper, Total 28 28 100.0 4700 920 No 4
7439896 Iron, Total 26 26 100.0 82000 13000 Yes 1, 2
7439921 Lead, Total 28 28 100.0 800 550 No 4
7439965 Manganese, Total 26 26 100.0 2600 1100 Yes 1, 2
7439976 Mercury, Total 89.3 4.6 6 Yes 1, 2
7440020 Nickel, Total 28 28 100.0 2200 4000 No 4
7782492 Selenium, Total 28.6 580 3.5 Yes 2
7440280 Thallium, Total 7.1 1.2 3.3 Yes 1, 2
7440315 Tin, Total 19.2 70000 88000 No 4
7440622 Vanadium, Total 26 26 100.0 580 5200 No 4
7440666 Zinc, Total 28 28 100.0 35000 28640 No 4
57125 Cyanide, Total 2 1 50.0 3 32 15 0.014 Yes 1, 2
Red font = carcinogenic polycyclic aromatic hydrocarbon (PAH) Reason: for retention or elimination
RSL, Industrial - Regional Screening Level (USEPA, May 2021) 1 = max concentration > RSL
SSL = Site-specific values (Arcadis and CH2M Hill, 2009)] 2 = max concentration > SSL
Min = minimum chemical concentration 3 = no screening value, chemical is conservatively retained
Max = maximum chemical concentration 4 = maximum concentration < RSL and/or SSL
na = not available 5 = carcinogenic PAH; if one retained, all are retained



Tapwater Industrial
Chemical (all units µg/L) Samples Detections FOD minimum maximum RSLs COPC? Reason VISLs COPC? Reason
Acenaphthene 31 15 48.4 0.018 93 53 Yes 1         - No 5
Acenaphthylene 31 13 41.9 0.011 53 Yes 2         - No 5
Acetone 30 11 36.7 8.4 43 1400 No 3 9460000 No 3
Acetophenone 12 3 25.0 0.48 2.3 190 No 3         - No 5
Anthracene 31 11 35.5 0.019 14 180 No 3         - No 5
Benzo(a)anthracene 31 7 22.6 0.0043 16 0.03 Yes 1         - No 5
Benzene 31 11 35.5 0.84 78000 0.46 Yes 1 6.93 Yes 1
Benz(a)pyrene 30 7 23.3 0.017 15 0.025 Yes 1         - No 5
Benzo(b)fluoranthene 31 7 22.6 0.0078 20 0.25 Yes 1         - No 5
Benzo(g,h,i)perylene 12 5 41.7 0.013 9 Yes 2         - No 5
Benzo(k)fluoranthene 31 6 19.4 0.021 6.7 2.5 Yes 1         - No 5
Benzyl alcohol 12 1 8.3 0.53 0.53 200 No 3         - No 5
Bis(2-ethylhexyl)phthalate 31 4 12.9 0.84 55 5.6 Yes 1         - No 5
Bromodichloromethane 18 2 11.1 0.58 1.2 0.13 Yes 1 3.82 No 3
Carbazole 30 8 26.7 1.8 510 Yes 2         - No 5
Carbon disulfide 30 3 10.0 0.3 0.81 81 No 3 521 No 3
Chlorobenzene 31 8 25.8 0.39 590 7.8 Yes 1 172 Yes 1
Chloroform 30 4 13.3 0.64 18 0.22 Yes 1 3.55 Yes 1
Chloromethane 30 1 3.3 0.63 0.63 19 No 3 109 No 3
Chrysene 31 7 22.6 0.015 5.9 25 Yes 4         - No 5
Cyclohexane 4 3 75.0 0.66 1 1300 No 3 429 No 3
Dibenz(a,h)anthracene 12 4 33.3 0.008 2.2 0.025 Yes 1         - No 5
Dibenzofuran 31 9 29.0 5.9 130 0.79 Yes 1         - No 5
Dichlorobenzene, 1,4- 31 2 6.5 7.8 8.1 0.48 Yes 1 11.3 No 3
Dichloroethane, 1,2- 31 1 3.2 0.51 0.51 0.17 Yes 1 9.78 No 3
Dichloroethene, cis-1,2 30 2 6.7 0.15 0.66 3.6 No 3         - No 5
Dimethylphenol, 2,4- 31 5 16.1 3 140 36 Yes 1         - No 5
Di-n-butylphthalate 31 1 3.2 0.48 0.48 16 No 3         - No 5

Table 2.2
SMA 3 - Groundwater Analytical Data Summary, Chemicals Detected at Least once

Chemicals of Potential Concern (COPCs)
Bluestone Coke, Birmingham, AL

Number of Concentrations

Direct Contact Screening Vapor Intrusion Screening



Tapwater Industrial
Chemical (all units µg/L) Samples Detections FOD minimum maximum RSLs COPC? Reason VISLs COPC? Reason

Table 2.2
SMA 3 - Groundwater Analytical Data Summary, Chemicals Detected at Least once

Chemicals of Potential Concern (COPCs)
Bluestone Coke, Birmingham, AL

Number of Concentrations

Direct Contact Screening Vapor Intrusion Screening

Ethylbenzene 31 9 29.0 0.51 100 1.5 Yes 1 15.2 Yes 1
Fluoranthene 31 18 58.1 0.0051 56 80 No 3         - No 5
Fluorene 31 14 45.2 0.032 130 29 Yes 1         - No 5
Indeno(1,2,3-cd)pyrene 12 5 41.7 0.014 9.2 0.25 Yes 1         - No 5
Isopropylbenzene 16 5 31.3 1.4 67 45 Yes 1 373 No 3
Methyl acetate 4 1 25.0 2.4 2.4 2000 No 3         - No 5
Methylcyclohexane 16 5 31.3 0.4 11 0 Yes 1         - No 5
Methylene chloride 12 5 41.7 0.37 6.8 11 No 3 1980 No 3
Methylnaphthalene, 1- 18 7 38.9 6.7 380 1.1 Yes 1         - No 5
Methylnaphthalene, 2- 31 12 38.7 0.011 540 3.6 Yes 1         - No 5
Methylphenol (o-cresol), 2- 31 5 16.1 3.2 50 93 No 3         - No 5
Methylphenol, 3 & 4 30 5 16.7 1.2 4.5 140 No 3         - No 5
Naphthalene 31 25 80.6 0.021 19000 0.12 Yes 1 20.1 Yes 1
Phenanthrene 31 17 54.8 0.0099 90 Yes 2         - No 5
Phenol 31 6 19.4 1.1 42 580 No 3         - No 5
Pyrene 31 12 38.7 0.011 37 12 Yes 1         - No 5
Styrene 30 2 6.7 1.2 1.5 120 No 3 3900 No 3
Tetrachloroethene 31 2 6.5 0.52 0.62 4.1 No 3 24.2 No 3
Toluene 31 11 35.5 0.22 16000 110 Yes 1 8070 Yes 1
Trichlorobenzene, 1,2,4- 31 1 3.2 41 41 0.4 Yes 1 15.1 Yes 1
Trichloroethene 31 2 6.5 0.18 0.23 0.28 No 3 2.18 No 3
Xylene, o- 29 9 31.0 0.49 52 19 Yes 1 207 No 3
Xylenes, m, p- 29 8 27.6 2.5 150 19 Yes 1 155 No 3
Xylenes 19 7 36.8 4.1 210 19 Yes 1 162 Yes 1
Aluminum, Total 27 22 81.5 20 6200 2000 Yes 1         - No 5
Antimony, Total 28 1 3.6 10 10 0.78 Yes 1         - No 5
Arsenic, Total 28 11 39.3 3.7 20 0.052 Yes 1         - No 5
Barium, Total 28 27 96.4 14 560 380 Yes 1         - No 5
Beryllium, Total 28 11 39.3 0.06 0.58 2.5 No 3         - No 5



Tapwater Industrial
Chemical (all units µg/L) Samples Detections FOD minimum maximum RSLs COPC? Reason VISLs COPC? Reason

Table 2.2
SMA 3 - Groundwater Analytical Data Summary, Chemicals Detected at Least once

Chemicals of Potential Concern (COPCs)
Bluestone Coke, Birmingham, AL

Number of Concentrations

Direct Contact Screening Vapor Intrusion Screening

Cadmium, Total 28 5 17.9 0.45 7 0.92 Yes 1         - No 5
Chromium, Total 28 11 39.3 1.7 60 0.035 Yes 1         - No 5
Cobalt, Total 27 13 48.1 1.2 40 0.6 Yes 1         - No 5
Copper, Total 28 9 32.1 2 30 80 No 3         - No 5
Cyanide, Total 1 1 100 30 30 0.15 Yes 1         - No 5
Iron, Total 17 17 100 80 55000 1400 Yes 1         - No 5
Lead, Total 28 9 32.1 1.5 9.4 15 No 3         - No 5
Manganese, Total 27 26 96.3 10 27000 43 Yes 1         - No 5
Mercury 10 1 10.0 0.22 0.22 0.063 Yes 1 0.373 No 3
Nickel, Total 28 16 57.1 1.4 30 39 No 3         - No 5
Selenium, Total 28 2 7.1 5.2 7.7 10 No 3         - No 5
Silver 10 1 10.0 0.91 0.91 9.4 No 3         - No 5
Thallium, Total 28 1 3.6 5 5 0.02 Yes 1         - No 5
Tin, Total 17 6 35.3 3.2 20 1200 No 3         - No 5
Vanadium, Total 27 6 22.2 5.1 8.5 8.6 No 3         - No 5
Zinc, Total 28 10 35.7 7.4 90 600 No 3         - No 5
Red Font = carcinogenic polycyclic aromatic hydrocarbon (PAH)
FOD = frequency of detection
RSL = Regional Screening Levels (USEPA, May 2021)
COPC = chemical of potential concern
VISL = Vapor Intrusion Screening Levels (USEPA, May 2021), VISLs are only available for chemicals that are volatile and have
            published inhalation toxicity factors

Reasons
1 = maximum concentration > RSL
2 = no screening value, chemical is conservatively retained
3 = maximum concentration < RSL
4 = carcinogenic PAH
5 = chemical is nonvolatile or does not have an inhalation toxicity factor



Exposure Industrial/Commercial Construction Parameter
Pathway Parameter Worker (Adult) Worker (Adult) Units
General Body weight (BW) 80 80 kg

Exposure frequency (EF) 250 / 5 f 250 days/year
Exposure duration (ED) 25 1 year
Exposure time (ET) 8 8 hour/day
Averaging time - Cancerb (ATC) 25,550 25,550 days
Averaging time - Noncancerc (ATNC) 9,125 365 days

Ingestion Soil Intake rate (IRS)d 100 330 mg/day
Drinking water (IRW)e 1 na L/day

Inhalation Particle Emission Factor (PEF)d 5.70E+09 5.70E+09 m3/kg

Dermal Skin surface area contact (includes face, hands 3,470 3,470 cm2

Absorption         and forearms)
Skin surface area - showering 20,900 na cm2

Soil to skin adherence factor (AF) 0.12 0.12 mg/cm2

(a)USEPA, 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors .
(b)Averaging time of exposure for carcinogenic effects is calculated as follows:
     70-year lifetime exposure (70 years x 365 days/year = 25,550 days)
(c)Averaging time for noncarcinogenic effects is calculated as follows: ED years x 365 days/year
(d)From: USEPA, 2002. Supplemental Guidance for Developing Soil Screening Levels.
(e)Professional judgement; receptor exposed to groundwater via ingestion only while at work.
(f)Generally, this receptor is on site 250 days/yr; however, for soil exposure, limited to just 5 days/yr.  See text for
    further explanation.
na = not applicable

Table 2.3
SMA 3 - Human Health Risk Assessment

 Summary of Primary Human Exposure Assumptionsa

Bluestone Coke, Birmingham, Alabama



Maximum
Concentration UCL EPC

Chemical Name mg/kg mg/kg mg/kg
Benzene 16 2.929 2.929
m- and p-Xylenes 620 185.3 185.3
Tetrachloroethene 4.7 0.545 0.545
1-Methylnaphthalene 640 202.7 202.7
1,2,4-Trichlorobenzene 11 nc 11
2,4-Dimethylphenol 13 3.609 3.609
2-Methylnaphthalene 1500 652.3 652.3
2-Methylphenol (o-cresol) 3.4 na 3.4
Acenaphthylene 57 15.22 15.22
Anthracene 77 18.28 18.28
Benzo(a)anthracene 80 19.32 19.32
Benzo(a)pyrene 57 13.55 13.55
Benzo(b)fluoranthene 74 17.75 17.75
Benzo(g,h,i)perylene 31 7.473 7.473
Benzo(k)fluoranthene 29 7.313 7.313
Benzyl butyl phthalate 0.47 nc 0.47
Carbazole 99 28.49 28.49
Chrysene 70 16.92 16.92
Dibenzo(a,h)anthracene 12 2.949 2.949
Dibenzofuran 290 81.08 81.08
Indeno(1,2,3-cd)pyrene 32 7.62 7.62
Naphthalene 4500 1962 1962
N-Nitrosodimethylamine 0.23 na 0.23
Phenanthrene 370 91.01 91.01
Antimony, Total 7.7 3.701 3.701
Arsenic, Total 45 20.92 20.92
Chromium, Total 130 64.76 64.76
Cobalt, Total 110 24.72 24.72
Iron, Total 87000 51565 51565
Manganese, Total 3500 1459 1459
Mercury, Total 7.8 0.71 0.71
Selenium, Total 6.1 2.507 2.505
Thallium, Total 5.6 2.505 2.505
Cyanide, Total 3 na 3
UCL = upper confidence limit, as calculated by ProUCL v. 5.1.01 (USEPA, 2016)
EPC = exposure point concentration; the lesser of the maximum concentration
   or the UCL
na = not applicable; too few detections or too few results to calculate a UCL.

Table 2.4
SMA 3 - Soil, Human Health Risk Assessment

Chemicals of Potential Concern - Exposure Point Concentrations
Bluestone Coke, Birmingham, Alabama



Chemical (µg/L) maximum UCL µg/L mg/L
Acenaphthene 93 29.22 29.22 0.02922
Acenaphthylene 53 11.81 11.81 0.01181
Benzo(a)anthracene 16 3.936 3.936 0.003936
Benzene 78000 28468 28468 28.468
Benz(a)pyrene 15 3.856 3.856 0.003856
Benzo(b)fluoranthene 20 4.96 4.96 0.00496
Benzo(g,h,i)perylene 9 8.741 8.741 0.008741
Benzo(k)fluoranthene 6.7 1.821 1.821 0.001821
Bis(2-ethylhexyl)phthalate 55 6.363 6.363 0.006363
Bromodichloromethane 1.2 na 1.2 0.0012
Carbazole 510 111.9 111.9 0.1119
Chlorobenzene 590 137.8 137.8 0.1378
Chloroform 18 2.126 2.126 0.002126
Chrysene 5.9 1.302 1.302 0.001302
Dibenz(a,h)anthracene 2.2 1.772 1.772 0.001772
Dibenzofuran 130 18.81 18.81 0.01881
Dichlorobenzene, 1,4- 8.1 1.577 1.577 0.001577
Dichloroethane, 1,2- 0.51 na 0.51 0.00051
Dimethylphenol, 2,4- 140 29.27 29.27 0.02927
Ethylbenzene 100 20.37 20.37 0.02037
Fluorene 130 31.11 31.11 0.03111
Indeno(1,2,3-cd)pyrene 9.2 8.935 8.935 0.008935
Isopropylbenzene 67 32.66 32.66 0.03266
Methylcyclohexane 11 5.084 5.084 0.005084
Methylnaphthalene, 1- 380 89.11 89.11 0.08911
Methylnaphthalene, 2- 540 120.5 120.5 0.1205
Naphthalene 19000 7235 7235 7.235
Phenanthrene 90 21.21 21.21 0.02121
Pyrene 37 9.58 9.58 0.00958
Toluene 16000 3844 3844 3.844
Trichlorobenzene, 1,2,4- 41 na 41 0.041
Xylene, o- 52 13.31 13.31 0.01331
Xylenes, m, p- 150 36.65 36.65 0.03665
Xylenes 210 62.24 62.24 0.06224
Aluminum, Total 6200 2512 2512 2.512
Antimony, Total 10 na 10 0.01
Arsenic, Total 20 8.744 8.744 0.008744
Barium, Total 560 208.7 208.7 0.2087
Cadmium, Total 7 1.421 1.421 0.001421
Chromium, Total 60 5.887 5.887 0.005887
Cobalt, Total 40 9.276 9.276 0.009276
Cyanide, Total 30 na 30 0.03
Iron, Total 55000 21075 21075 21.075

EPCConcentration (µg/L)

Table 2.5
Exposure Point Concentrations

Groundwater
Bluestone Coke, Birmingham, Alabama



Chemical (µg/L) maximum UCL µg/L mg/L
EPCConcentration (µg/L)

Table 2.5
Exposure Point Concentrations

Groundwater
Bluestone Coke, Birmingham, Alabama

Manganese, Total 27000 6060 6060 6.06
Mercury 0.22 na 0.22 0.00022
Thallium, Total 5 na 5 0.005
EPC = exposure point concentration
UCL = upper confidence level; obtained using USEPA's ProUCL v. 5.1.1 (2016)
na = not applicable.  The UCL may or may  not be calculated for this chemical;
       however, ProUCL softare recommends that the UCL not be used as
       either there were too few samples or too few detected concentrations
       to obtain a reliable statistic.



Oral Absorption
Efficiency for Weight of Evidence/

Chemicals of Oral SF Dermal Dermal SF Cancer Guildeline Oral SF
Potential Concern (mg/kg-day)-1 unitless (mg/kg-day) Description Source
1,2,4-Trichlorobenzene 2.90E-02 1 2.9E-02 Likely to be carcinogenic PPRTV
1,4-Dichlorobenzene 5.40E-03 1 5.4E-03 2B Cal/EPA
Benzene 5.50E-02 1 5.5E-02 A IRIS
Bromodichloromethane 6.2E-02 1 6.2E-02 IRIS
Chlorobenzene nd 1 nd na --
Chloroform 3.10E-02 1 3.1E-02 B2/2B CalEPA
Dichloroethane, 1,2- 9.10E-02 1 9.1E-02 B2 IRIS
Ethylbenzene 1.1E-02 1 1.1E-02 D CalEPA/IRIS
Isopropylbenzene nd 1 nd na
Methylcyclohexane nd nd nd na --
Toluene nd nd nd na --
Xylene, o- nd nd nd na
Xylenes, m, p- nd nd nd na
Xylenes nd nd nd na --

1-Methylnaphthalene 2.90E-02 1 2.9E-02
Suggestive evidence of

carcinogenicity PPRTV
2,4-Dimethylphenol nd nd nd na --
2-Methylnaphthalene nd nd nd na --
2-Methylphenol (o-cresol) nd nd nd na --
Acenaphthene nd nd nd na --
Acenaphthylene nd 1 nd na --
Benz(a)anthracene 1.00E-01 1 1.0E-01 Carcinogenic to humans RPF Applied
Benzo(a)pyrene 1.00E+01 1 1.0E+01 Carcinogenic to humans IRIS
Benzo(b)fluoranthene 1.00E-01 1 1.0E-01 Carcinogenic to humans RPF Applied
Benzo(g,h,i)perylene nd 1 nd na --
Benzo(k)fluoranthene 1.00E-02 1 1.0E-02 Carcinogenic to humans RPF Applied
Bis(2-ethylhexyl)phthalate 1.4E-02 1 1.4E-02 B2 IRIS
Carbazole nd 1 nd na --
Chrysene 7.30E-03 1 7.3E-03 B2 RPF Applied
Dibenzo(a,h)anthracene 7.30E+00 1 7.3E+00 B2 RPF Applied
Dibenzofuran nd 1 nd na --
Fluorene nd 1 nd na --
Indeno(1,2,3-cd)pyrene 7.30E-01 1 7.3E-01 B2 RPF Applied
Naphthalene 1.20E-01 1 1.2E-01 C Cal EPA/IRIS
N-Nitrosodimethylamine 5.1E+01 1 5.1E+01 B2 IRIS
Phenanthrene nd nd nd na --
Pyrene nd nd nd na --
Aluminum, Total nd nd nd na --
Antimony nd 0.15 nd na --
Arsenic 1.50E+00 1 1.50E+00 A IRIS
Barium, Total nd 0.07 nd na --
Cadmium nd 0.05 nd na --
Chromium (Cr VI) 5.00E-01 0.025 2.00E+01 D IRIS
Cobalt nd 1 nd na --
Iron nd 1 nd na --

Table 2.6

Carcinogenic Oral and Dermal Toxicity Values
Bluestone Coke, Birmingham, AL

SMA 3 - Human Health Risk Assessment



Oral Absorption
Efficiency for Weight of Evidence/

Chemicals of Oral SF Dermal Dermal SF Cancer Guildeline Oral SF
Potential Concern (mg/kg-day)-1 unitless (mg/kg-day) Description Source

Table 2.6

Carcinogenic Oral and Dermal Toxicity Values
Bluestone Coke, Birmingham, AL

SMA 3 - Human Health Risk Assessment

Manganese nd 0.04 nd na --
Mercury nd nd nd na --
Selenium nd 1 nd na --
Thallium nd 1 nd na --
Cyanide, Total nd nd nd na --
IRIS = USEPA's Integrated Risk Information System nd = no data
CalEPA = California's Office of Environmental Health and Hazard Assessment na = not applicable
PPRTV = USEPA's Provisional Peer-Reviewed Toxicity Values for Superfund
RPF Applied = relative potency factor applied, for polycyclic aromatic
   hydrocarbons (PAHs) relative to benzo(a)pyrene,  as shown below:

PAH RPF
Benzo(a)pyrene 1

Benz(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01

Chrysene 0.001
Dibenz(a,h)anthracene 1

Indeno(1,2,3-c,d)pyrene 0.1

Weight of Evidence Description
A = carcinogenic to humans; human data available
B = probably carcinogenic to humans; no human data, animal data available
C = possibly carcinogenic to humans; no human data, limited animal data
D = not classifiable; inadequate data



Inhalation Weight of Evidence/
Chemicals of Unit Risk Cancer Guildeline Unit Risk
Potential Concern (µg/m3)-1 Description Source
1,2,4-Trichlorobenzene nd na --
1,4-Dichlorobenzene 1.10E-05 central nervous system CalEPA
Benzene 7.80E-06 A IRIS
Bromodichloromethane 3.7E-05 B2 CalEPA
Chlorobenzene nd na --
Chloroform 2.30E-05 B2 IRIS
Dichloroethane, 1,2- 2.60E-05 B2 IRIS
Ethylbenzene 2.5E-06 D CalEPA/IRIS
Isopropylbenzene nd na --
Methylcyclohexane nd na --
Toluene nd na --
Xylene, o- nd na --
Xylenes, m, p- nd na --
Xylenes nd na --
1-Methylnaphthalene nd na --
2,4-Dimethylphenol nd na --
2-Methylnaphthalene nd na --
2-Methylphenol (o-cresol) nd na --
Acenaphthene nd na --
Acenaphthylene nd na --
Benz(a)anthracene 6.00E-05 Carcinogenic to humans RPF Applied
Benzo(a)pyrene 6.00E-04 Carcinogenic to humans IRIS
Benzo(b)fluoranthene 6.00E-05 Carcinogenic to humans RPF Applied
Benzo(g,h,i)perylene nd na --
Benzo(k)fluoranthene 6.00E-06 Carcinogenic to humans RPF Applied
Bis(2-ethylhexyl)phthalate 2.4E-06 B2/2B Cal EPA
Carbazole nd na --
Chrysene 6.00E-07 Carcinogenic to humans RPF Applied
Dibenzo(a,h)anthracene 6.00E-04 Carcinogenic to humans RPF Applied
Dibenzofuran nd na --
Fluorene nd na --
Indeno(1,2,3-cd)pyrene 6.00E-05 Carcinogenic to humans RPF Applied
Naphthalene 3.40E-05 C Cal EPA/IRIS
N-Nitrosodimethylamine 1.4E-02 B2 IRIS
Phenanthrene nd na --
Pyrene nd na --
Aluminum, Total nd na --
Antimony nd na --
Arsenic 4.30E-03 A IRIS

Table 2.7
SMA 3 - Human Health Risk Assessment
Carcinogenic Inhalation Toxicity Values

Bluestone Coke, Birmingham, AL

Page 1 of 2



Inhalation Weight of Evidence/
Chemicals of Unit Risk Cancer Guildeline Unit Risk
Potential Concern (µg/m3)-1 Description Source

Table 2.7
SMA 3 - Human Health Risk Assessment
Carcinogenic Inhalation Toxicity Values

Bluestone Coke, Birmingham, AL

Barium, Total nd na --
Cadmium 1.80E-03 B1 IRIS
Chromium (Cr VI) 8.40E-02 A USEPA-RSLs

Cobalt 9.00E-03
Likely to be
carcinogenic PPRTV

Iron nd na --
Manganese nd na --
Mercury nd na --
Selenium nd na --
Thallium nd na --
Cyanide, Total nd na --
Cal EPA = California's Office of Environmental Health and Hazard Assessment
IRIS = USEPA's Integrated Risk Information System
PPRTV = Provisional Peer-Reviewed Toxicity Values for Superfund
nd = no data
na = not applicable
RPF Applied = relative potency factor applied, for polycyclic aromatic hydrocarbons (PAHs)
    relative to benzo(a)pyrene, as shown below:

PAH RPF
Benzo(a)pyrene 1

Benz(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01

Chrysene 0.001
Dibenz(a,h)anthracene 1

Indeno(1,2,3-c,d)pyrene 0.1

Weight of Evidence Description
A = carcinogenic to humans; human data available
B = probably carcinogenic to humans; no human data, animal data available
C = possibly carcinogenic to humans; no human data, limited animal data
D = not classifiable; inadequate data
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Oral Gastrointestinal Default Primary Uncertainty/
Chemicals of Reference Dose (RfD) Abs Eff Dermal RfD Target Modifying
Potential Concern (mg/kg-day) (%) mg/kg-day Organ(s) Factor Source

C 1.00E-02 1 1.00E-02 Endocrine 1000 IRIS
SC 9.00E-02 1 9.00E-02 Hepatic 100 PPRTV

1,4-Dichlorobenzene C 7.00E-02 1 7.00E-02 Blood 300 IRIS
C 4.00E-03 1 4.00E-03 Lymphocytes 300 IRIS
SC 1.00E-02 1 1.00E-02 Hematologic 100 PPRTV

Bromodichloromethane 2.0E-02 1 2.00E-02 Urinary 1000 IRIS
C 2.00E-02 1 2.00E-02 Hepatic 1000 IRIS
SC 7.00E-02 1 7.00E-02 Hepatic, Urinary 300 PPRTV
C 1.00E-02 1 1.00E-02 Hepatic 100 IRIS
SC 1.00E-01 1 1.00E-01 Hepatic 100 ATSDR
C 6.00E-03 1 6.00E-03 Urinary 3000 PPRTV
SC 2.00E-02 1 2.00E-02 Urinary 3000 PPRTV
C 1.0E-01 1 1.00E-01 Hepatic/Urinary 1000 IRIS
SC 5.0E-02 1 5.00E-02 Hepatic 1000 PPRTV
C 1.0E-01 1 1.00E-01 Urinary 1000 IRIS
SC 4.0E-01 1 4.00E-01 Kidney 300 HEAST

Methylcyclohexane C nd 1 nd na na --
C 8.0E-02 1 8.00E-02 Urinary 3000 IRIS
SC 8.0E-01 1 8.00E-01 Urinary 300 PPRTV

Xylene, o- C 2.0E-01 1 2.00E-01 Decreased body weight 1000 USEPA RSLs
Xylenes, m, p- C 2.0E-01 1 2.00E-01 Decreased body weight 1000 USEPA RSLs

C 2.0E-01 1 2.00E-01 Decreased body weight 1000 IRIS
SC 4.0E-01 1 4.00E-01 Whole body 1000 PPRTV

1-Methylnaphthalene C 7.00E-02 1 7.00E-02 ATSDR*
C 2.0E-02 1 2.00E-02 Blood, lethargy 3000 IRIS
SC 5.0E-02 1 5.00E-02 Whole body 100 PPRTV

Table 2.8
SMA 3 - Human Health Risk Assessment

Noncarcinogenic Oral and Dermal Toxicity Values
Bluestone Coke, Birmingham, AL

1,2,4-Trichlorobenzene

Benzene

Chlorobenzene

Toluene

Isopropylbenzene

Ethylbenzene

Dichloroethane, 1,2-

Chloroform

2,4-Dimethylphenol

Xylenes
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Oral Gastrointestinal Default Primary Uncertainty/
Chemicals of Reference Dose (RfD) Abs Eff Dermal RfD Target Modifying
Potential Concern (mg/kg-day) (%) mg/kg-day Organ(s) Factor Source

Table 2.8
SMA 3 - Human Health Risk Assessment

Noncarcinogenic Oral and Dermal Toxicity Values
Bluestone Coke, Birmingham, AL

2-Methylnaphthalene C 4.00E-03 1 4.00E-03 Lungs 1000 IRIS
C 5.0E-02 1 5.00E-02 Neurotoxicity 1000 IRIS
SC 2.0E-01 1 2.00E-01 Whole body 30 PPRTV
C 6.0E-02 1 6.00E-02 Hepatic 3000 IRIS
SC 2.0E-01 1 2.00E-01 Hepatic 1000 PPRTV

Acenaphthylene C nd nd nd na na --
Benz(a)anthracene C nd 1 nd na na --
Benzo(a)pyrene C 3.00E-04 1 3.00E-04 Developmental IRIS
Benzo(b)fluoranthene C nd 1 nd na na --
Benzo(g,h,i)perylene C nd 1 nd na na --
Benzo(k)fluoranthene C nd 1 nd na na --
Bis(2-ethylhexyl)phthalate C 2.0E-02 1 2.00E-02 Hepatic 1000 IRIS
Carbazole C nd 1 nd na na --
Chrysene C nd 1 nd na na --
Dibenzo(a,h)anthracene C nd 1 nd na na --
Dibenzofuran C 1.0E-03 1 1.00E-03 Body weight 3000 PPRTV

C 4.0E-02 1 4.00E-02 Hematologic 3000 IRIS
SC 4.0E-01 1 4.00E-01 Hepatic 300 ATSDR

Indeno(1,2,3-cd)pyrene C nd 1 nd na na --
C 2.00E-02 1 2.00E-02 Body weight 3000 IRIS
SC 6.00E-01 1 6.00E-01 ATSDR*

N-Nitrosodimethylamine C 8.0E-06 1 8.00E-06 Developmental 3000 PPRTV
Phenanthrene C nd nd na na --

C 3.00E-02 1 3.00E-02 Urinary 3000 IRIS
SC 3.00E-01 1 3.00E-01 Urinary 3000 PPRTV

Aluminum, Total C 1.00E+01 1 1.00E+01 Nervous System 100 PPRTV

Pyrene

Naphthalene

Fluorene

Acenaphthene

2-Methylphenol (o-cresol)
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Oral Gastrointestinal Default Primary Uncertainty/
Chemicals of Reference Dose (RfD) Abs Eff Dermal RfD Target Modifying
Potential Concern (mg/kg-day) (%) mg/kg-day Organ(s) Factor Source

Table 2.8
SMA 3 - Human Health Risk Assessment

Noncarcinogenic Oral and Dermal Toxicity Values
Bluestone Coke, Birmingham, AL

Antimony C 4.00E-04 0.15 6.00E-05 Longevity/blood 1000 IRIS
Arsenic C 3.00E-04 1 3.00E-04 Skin, Cardiovascular IRIS
Barium, Total C 2.00E-01 0.07 1.40E-02 Urinary 300 IRIS
Cadmium C 5.00E-04 0.05 2.50E-05 Proteinuria 10 IRIS

C 3.00E-03 0.025 7.50E-05 Respiratory 300 IRIS
SC 5.00E-03 1 5.00E-03 Respiratory 1000 ATSDR
C 3.00E-04 1 3.00E-04 Thyroid gland 3000 PPRTV
SC 3.00E-03 1 3.00E-03 Endocrine 300 PPRTV

Iron C 7.00E-01 1 7.00E-01 GI Tract 1.5 PPRTV
Manganese C 2.40E-02 0.04 9.60E-04 Central Nervous system 1 IRIS
Mercury C nd 1 nd na na --
Selenium C 5.00E-03 1 5.00E-03 Selenosis 3 IRIS

C 1.00E-05 1 1.00E-05 Hepatic 100 USEPA RSLs
SC 4.00E-05 1 4.00E-05 USEPA RSLs

Cyanide C 6.00E-04 1 6.00E-04 nd nd IRIS
C = chronic value
SC = subchronic value
IRIS = USEPA's Integrated Risk Information System
ATSDR = Agency for Toxic Substances and Disease Registry
ATSDR* = as published on USEPA RSLs subchronic toxicity factors tables (USEPA, 2021)
PPRTV = USEPA's Provisional Peer-Reviewed Toxicity Values for Superfund
USEPA RSLs = USEPA RSLs Table User's Guide
nd = no data
na = not applicable

Thallium

Cobalt

Chromium (Cr VI)
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Primary Uncertainty/
Chemicals of Target Modifying
Potential Concern RfC (mg/m3) RfC (µg/m3) Organ(s) Factor Source

C 2.00E-03 2.00E+00 Urinary 1000 PPRTV
SC 2.00E-02 2.00E+01 Urinary 300 PPRTV
C 8.00E-01 8.00E+02 Hepatic 100 IRIS
SC 1.20E+00 1.20E+03 ATSDR*
C 3.00E-02 3.00E+01 Immune system 300 IRIS
SC 8.00E-02 8.00E+01 Hematologic 100 PPRTV

Bromodichloromethane C nd nd Nasal na --
C 5.00E-02 5.00E+01 Hepatic, Urinary 1000 PPRTV
SC 5.00E-01 5.00E+02 Hepatic, Urinary 100 PPRTV
C 9.80E-02 9.80E+01 Hepatic 300 IRIS
SC 2.40E-01 2.40E+02 ATSDR*
C 7.00E-03 7.00E+00 Nervous system 3000 PPRTV
SC 7.00E-02 7.00E+01 Nervous system 300 PPRTV
C 1.0E+00 1.00E+03 Nervous system 300 IRIS
SC 9.0E+00 9.00E+03 Histological evidence 100 PPRTV

Isopropylbenzene C 4.0E-01 4.00E+02 Endocrine, Urinary 1000 IRIS
Methylcyclohexane C nd nd na na --
Toluene C 5.0E+00 5.00E+03 Nervous system 10 IRIS
Xylene, o- C 1.0E-01 1.00E+02 Nervous system 300 USEPA RSL
Xylenes, m, p- C 1.0E-01 1.00E+02 Nervous system 300 USEPA RSL

C 1.0E-01 1.00E+02 Nervous system 300 IRIS
SC 4.0E-01 4.00E+02 Whole body 100 PPRTV

1-Methylnaphthalene C nd nd na na --
2,4-Dimethylphenol C nd nd na na --
2-Methylnaphthalene C nd nd na na --
2-Methylphenol (o-cresol) C 6.0E-01 6.00E+02 Nervous system nd CalEPA
Acenaphthene C nd nd na na --
Acenaphthylene C nd nd na na --
Benz(a)anthracene C nd nd na na --
Benzo(a)pyrene C 2.00E-06 2.00E-03 Developmental IRIS
Benzo(b)fluoranthene C nd nd na na --
Benzo(g,h,i)perylene C nd nd na na --
Benzo(k)fluoranthene C nd nd na na --
Bis(2-ethylhexyl)phthalate C nd nd na na --
Carbazole C nd nd na na --
Chrysene C nd nd na na --
Dibenzo(a,h)anthracene C nd nd na na --
Dibenzofuran C nd nd na na --
Fluorene C nd nd na na --
Indeno(1,2,3-cd)pyrene C nd nd na na --
Naphthalene C 3.00E-03 3.00E+00 Nasal 3000 IRIS
N-Nitrosodimethylamine C 4.0E-05 4.00E-02 Reduced body weight 3000 PPRTV
Phenanthrene C nd nd na na --
Pyrene C nd nd na na --
Aluminum, Total C 5.00E-03 5.00E+00 Nervous system 300 PPRTV
Antimony C 3.00E-04 3.00E-01 Respiratory 30 ATSDR
Arsenic C 1.50E-05 1.50E-02 Cardiovascular, lung, nervous nd Cal EPA

C 5.00E-04 5.00E-01 Fetal toxicity 1000 HEAST
SC 5.00E-03 5.00E+00 Respiratory 100 ATSDR

Cadmium C 1.00E-05 1.00E-02 Urinary 300 ATSDR
C 1.00E-04 1.00E-01 Respiratory 90 IRIS
SC 3.00E-04 3.00E-01 Respiratory 300 ATSDR

Benzene

 Reference Concentration

Table 2.9
SMA 3 - Human Health Risk Assessment

Noncarcinogenic Inhalation Values
Bluesotne Coke, Birmingham, AL

Inhalation

1,2,4-Trichlorobenzene

Xylenes

Chromium

Barium, Total

Ethylbenzene

Dichloroethane, 1,2-

Chloroform

Chlorobenzene

1,4-Dichlorobenzene
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Primary Uncertainty/
Chemicals of Target Modifying
Potential Concern RfC (mg/m3) RfC (µg/m3) Organ(s) Factor Source

 Reference Concentration

Table 2.9
SMA 3 - Human Health Risk Assessment

Noncarcinogenic Inhalation Values
Bluesotne Coke, Birmingham, AL

Inhalation

C 6.00E-06 6.00E-03 Respiratory 300 PPRTV
SC 2.00E-05 2.00E-02 Respiratory 100 PPRTV

Iron C nd nd na na --
Manganese C 5.00E-05 5.00E-02 Nervous system 1000 IRIS
Mercury C 3.00E-04 3.00E-01 Nervous system 30 IRIS
Selenium C 2.00E-02 2.00E+01 na nd Cal EPA
Thallium C nd nd na na --
Cyanide C 8.00E-04 8.00E-01 Endocrine 3000 USEPA RSL
C = chronic value
SC = subchronic
ATSDR = Agency for Toxic Substances and Disease Registry
ATSDR* = as published on USEPA RSLs subchronic toxicity factors tables (USEPA, 2021)
PPRTV = USEPA's Provisional Peer-Reviewed Toxicity Values for Superfund
IRIS = USEPA's Integrated Risk Information System
CalEPA = California's Office of Environmental Health and Hazard Assessment
USEPA RSLs = USEPA's Regional Screening Level Table User's Guide
nd = no data
na = not applicable

Cobalt
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Chemical ELCR HQ ELCR HQ
Benzene 8E-09 0.0001 2E-08 0.01
m- and p-Xylenes -- 0.001 -- 0.01
Tetrachloroethene 8E-11 0.00002 2E-10 0.001
1-Methylnaphthalene 6E-08 0.0001 3E-07 0.01
1,2,4-Trichlorobenzene 2E-09 0.001 1E-08 0.003
2,4-Dimethylphenol -- 0.000004 -- 0.0002
2-Methylnaphthalene -- 0.004 -- 0.5
2-Methylphenol (o-cresol) -- 0.000002 -- 0.0001
Acenaphthylene -- -- -- --
Anthracene -- 0.000002 -- 0.0003
Benzo(a)anthracene 2E-08 -- 9E-08 --
Benzo(a)pyrene 1E-07 0.003 6E-07 0.2
Benzo(b)fluoranthene 2E-08 -- 8E-08 --
Benzo(g,h,i)perylene -- -- -- --
Benzo(k)fluoranthene 7E-10 -- 3E-09 --
Benzyl butyl phthalate 8E-12 0.0000001 4E-11 0.000001
Carbazole -- -- -- --
Chrysene 2E-10 -- 8E-10 --
Dibenzo(a,h)anthracene 3E-08 -- 1E-07 --
Dibenzofuran -- 0.001 -- 0.2
Indeno(1,2,3-cd)pyrene 7E-09 -- 4E-08 --
Naphthalene 4E-06 0.05 1E-05 2
N-Nitrosodimethylamine 1E-07 0.001 6E-07 0.1
Phenanthrene -- -- -- --
Antimony, Total -- 0.0002 -- 0.03
Arsenic, Total 2E-07 0.001 1E-06 0.2
Chromium, Total 2E-07 0.0004 1E-06 0.04
Cobalt, Total 6E-11 0.001 1E-10 0.02
Iron, Total -- 0.001 -- 0.2
Manganese, Total -- 0.001 -- 0.2
Mercury, Total -- 0.0002 -- 0.01
Selenium, Total -- 0.00001 -- 0.001
Thallium, Total -- 0.004 -- 0.2
Cyanide, Total -- 0.0003 -- 0.01

Totals 5E-06 0.1 2E-05 4
ELCR = Excess Lifetime Cancer Risk
HQ = Hazard Quotient
BOLD font depicts chemicals exhibiting ELCRs greater than 1E-06 and HQs greater than 1.0.
"--" = not applicable; no toxicity factors available

Table 2.10
SMA 3 - Risk Characterization Summary

Human Receptors Exposed to Chemicals in Soil, Summed over all Pathways
Bluestone Coke, Birmingham, AL

Industrial Worker Construction Worker



HQs Segregated by Target Organ1 HQ
Developmental Effects
     Benzo(a)pyrene 0.23

Immune System Effects
     Benzo(a)pyrene 0.23

Reproductive Effects
     Benzo(a)pyrene 0.23

Nervous System Effects
     Naphthalene 2.2
     Manganese 0.17

2.37
Cardiovascular Effects
     Arsenic 0.20

Respiratory Effects
     Naphthalene 2.2
     2-Methylnaphthalene 0.54

2.7
Dermal Effects
     Arsenic 0.20

Gastrointestinal Effects
     Iron2 0.21

Whole Body Effects
     Dibenzofuran2 0.23

1per USEPA Integrated Risk Information System (2021)
2per Provisional Peer-Reviewed Toxicity Values (2021)
HQ = hazard quotient
BOLD font indicates Hazard Indices > 1 for organ or system

Table 2.11
SMA 3 - Segregation of Noncancer Hazards by Organ

Construction Workers Exposed to Soil
Bluestone Coke, Birmingham, AL



Chemical ELCR HQ ELCR HQ
Acenaphthene -- 0.02 -- -- -- 0.0004
Acenaphthylene -- -- -- -- -- --
Benzo(a)anthracene 8E-05 -- -- -- 2E-07 --
Benzene 4E-02 460 9E-07 0.01 2E-03 542
Benz(a)pyrene 1E-03 11 -- -- 1E-06 2
Benzo(b)fluoranthene 9E-05 -- -- -- 9E-08 --
Benzo(g,h,i)perylene -- -- -- -- -- --
Benzo(k)fluoranthene 5E-06 -- -- -- 5E-09 --
Bis(2-ethylhexyl)phthalate 1E-04 1 -- -- 4E-08 0.01
Bromodichloromethane 7E-06 0.001 -- -- 4E-07 0.009
Carbazole -- -- -- -- -- --
Chlorobenzene -- 1 -- 0.1 -- 0.2
Chloroform 7E-06 0.01 -- 0.001 5E-07 0.006
Chrysene 3E-07 -- -- -- 4E-10 --
Dibenz(a,h)anthracene 5E-04 -- -- -- 7E-07 --
Dibenzofuran -- 1 -- -- -- 0.1
Dichlorobenzene, 1,4- 3E-06 0.001 -- -- 2E-07 0.001
Dichloroethane, 1,2- 2E-06 0.03 -- -- 1E-07 0.004
Dimethylphenol, 2,4- -- 0.02 -- -- -- 0.0002
Ethylbenzene 9E-06 0.01 1E-06 0.002 5E-07 0.002
Fluorene -- 0.03 -- -- -- 0.0003
Indeno(1,2,3-cd)pyrene 5E-04 -- -- -- 5E-07 --
Isopropylbenzene -- 0.04 -- -- -- 0.3
Methylcyclohexane -- -- -- -- -- --
Methylnaphthalene, 1- 3E-05 0.04 -- -- 1E-07 0.004
Methylnaphthalene, 2- -- 1 -- -- -- 0.1
Naphthalene 4E-02 971 4E-04 10 1E-03 992
Phenanthrene -- -- -- -- -- --
Pyrene -- 0.03 -- -- -- 0.0002
Toluene -- 1 -- -- -- 0.5
Trichlorobenzene, 1,2,4- 1E-05 8 -- -- 4E-08 1
Xylene, o- -- 0.1 -- -- -- 0.1
Xylenes, m, p- -- 0.2 -- -- -- 0.2
Xylenes -- 0.3 -- -- -- 0.1
Aluminum, Total -- 0.02 -- -- -- 0.0001
Antimony, Total -- 0.2 -- -- -- 0.005
Arsenic, Total 4E-05 0.3 -- -- 6E-09 0.001
Barium, Total -- 0.01 -- -- -- 0.0004
Cadmium, Total -- 0.03 -- -- -- 0.002
Chromium, Total 2E-05 0.03 -- -- 1E-07 0.003

Direct Contact Vapor Intrusion Direct Contact

Table 2.12
SMA 3 - Risk Characterization Summary

Human Receptors Exposed to Chemicals in Groundwater
Bluestone Coke, Birmingham, AL

Construction WorkerIndustrial Worker
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Chemical ELCR HQ ELCR HQ
Direct Contact Vapor Intrusion Direct Contact

Table 2.12
SMA 3 - Risk Characterization Summary

Human Receptors Exposed to Chemicals in Groundwater
Bluestone Coke, Birmingham, AL

Construction WorkerIndustrial Worker

Cobalt, Total -- 0.3 -- -- -- 0.00004
Cyanide, Total -- 0.4 -- -- -- 6
Iron, Total -- 0.3 -- -- -- 0.001
Manganese, Total -- 3 -- -- -- 0.2
Mercury -- 0.3 -- -- -- 1
Thallium, Total -- 4 -- -- -- 0.004

HIs    = 8E-02 1465 4E-04 10 3E-03 1546
ELCR = Excess Lifetime Cancer Risk
HQ = Hazard Quotient
BOLD font depicts ELCRs greater than 1E-06 and HQs greater than 1
"--" = not applicable; not a COPC or there are no toxicity factors available
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HQs Segregated by
Target Organ/System1

Industrial
Workers

HQs Segregated by
Target Organ/System1

Construction
Workers

Immune System Effects Immune System Effects
Benzene 460 Benzene 542
Benzo(a)pyrene 11 Benzo(a)pyrene 2

HI = 471 HI = 544

Reproductive Effects Reproductive Effects
Cyanide 15 Cyanide 6
Benzo(a)pyrene 11

HI = 26 Respiratory Effects
Naphthalene 992

Respiratory Effects
Naphthalene 971 Nervous System Effects
2-Methylnaphthalene 1 Naphthalene 992

HI = 972
Endocrine System Effects

Nervous System Effects 1,2,4-Trichlorobenzene 1
Naphthalene 971
Manganese 2

HI = 973

Developmental Effects
Benzo(a)pyrene 11

Dermal Effects
Thallium2 4

Hepatic Effects
bis(2-ethylhexyl)phthalate 1

Endocrine System Effects
1,2,4-Trichlorobenzene 8

Whole Body Effects
Dibenzofuran2 1

1per USEPA Integrated Risk Information System (IRIS) (2021)
2per Provisional Peer-Reviewed Toxicity Values (PPRTVs) (2021)
HQ = hazard quotient
HI = hazard index; sum of the HQs
BOLD denotes HIs > 1

Table 2.13
SMA 3 - Segregation of Noncancer Hazards by Organ
Receptors Exposed to Groundwater via Direct Contact

Bluestone Coke, Birmingham, AL



COCs 1E-06 1E-05 1E-04 0.1 1 3

Naphthalene 510 5,096 50,961 -- -- --

Naphthalene 137 1,372 13,720 87 872 2616

COC = chemical of concern

Construction Workers

Industrial Worker

Table 2.14
Preliminary Cleanup Standards

Receptors Exposed to Soil
Bluestone Coke, Birmingham, AL

Target Cancer Risk
Preliminary Cleanup Standards (PCSs), mg/kg

Target Hazard Quotient



COCs 1E-06  1E-05 1E-04  0.1 1 3
Industrial Worker - Direct Contact Pathways
Benzo(a)anthracene 0.05 0.5 5 -- -- --
Benzene 0.75 7.5 75 6.2 62 186
Benz(a)pyrene 0.003 0.03 0.3 0.04 0.4 1.1
Benzo(b)fluoranthene 0.06 0.6 6 -- -- --
Benzo(k)fluoranthene 0.35 3.5 35 -- -- --
Bis(2-ethylhexyl)phthalate 0.06 0.6 6 -- -- --
Bromodichloromethane 0.18 1.8 18 -- -- --
Chloroform 0.29 2.9 29 -- -- --
Dibenz(a,h)anthracene 0.004 0.04 0.4 -- -- --
Dichlorobenzene, 1,4- 0.62 6.2 62 -- -- --
Dichloroethane, 1,2- 0.25 2.5 25 -- -- --
Ethylbenzene 2.3 23 230 -- -- --
Indeno(1,2,3-cd)pyrene 0.02 0.2 2 -- -- --
Methylnaphthalene, 1- 2.76 27.6 276 -- -- --
Naphthalene 0.17 1.7 17 0.75 7.5 22.4
Trichlorobenzene, 1,2,4- 2.81 28.1 281 0.49 4.9 14.8
Arsenic, Total 0.22 2.2 22 -- -- --
Chromium, Total 0.36 3.6 36 -- -- --
Manganese, Total -- -- -- 222.3 2,223 6,668
Thallium, Total -- -- -- 0.12 1.2 3.5

Industrial Worker - Vapor Intrusion Pathway
Naphthalene 20.04 200.4 2,004 73 731 2,192

Benzene 15.66 156.6 1,566 5.3 53 158
Benz(a)pyrene -- -- -- 0.23 2.3 6.8
Naphthalene 4.95 49.5 495 0.73 7.3 21.9
COC = chemical of concern

Construction Workers - Direct Contact Pathways

Table 2.15
Preliminary Cleanup Standards

Receptors Exposed to Groundwater
Bluestone Coke, Birmingham, AL

Target Cancer Risk Target Hazard Quotient
Preliminary Cleanup Standards (PCSs), g/L
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Current/Future Current /
Historical Primary Secondary Industrial / Future Future

Source Release Secondary Release Contaminated Exposure Commercial Construction Adolsecent
Operation Mechanism Source Mechanism Medium Route Workersa Workers Trespassers

Wind Erosion Inhalation
of Particles

Volatilization Oral
Surface Dermal

Soil
Oral

Dermal
Coke Surface Water

Manufacturing Run-off On-Site Oral
Surface Soil Dermal

Subsurface
Soil On-Site Oral

Subsurface Soil Dermal
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Dermal
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Vapor Intrusion
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KEY:  = Pathway not complete; no quantitative
     evaluation required.

Surface soil analytical data is not available for SMA 3; hence, industrial workers  = Pathway is or might be complete, but is likely
   will be evaluated as being exposed to 0.5 to 15 ft soil depths.      to be insignificant; no quatitative evaluation is

     performed.
 = Pathway is or might be complete; data are
     available and pathway will be quantitatively
     evaluated.

Figure 2.3.  Human Health Risk Assessment Conceptual Site Exposure Model (CSEM).  SMA 3 of Bluestone Coke Facility, Birmingham, AL.
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APPENDIX A
ANALYTICAL DATA FOR SAMPLES COLLECTED IN SMA 3



Table A.1. Chemicals of Potential Concern (COPCs) - Soil 0.5 - 15 ft Depths
SMA 3 - Soil Analytical Data, Chemicals Detected at Least once, units mg/kg
Bluestone Coke, Birmingham, Alabama

Chemical Name
1,1,1-Trichloroethane 0.068 UJ 0.071 UJ 0.085 UJ 0.068 UJ 0.0014 UJ 0.0013 UJ 0.0013 UJ 0.0019 UJ 0.0068 U 0.0068 U 10 UJ 0.17 U 0.12 U 0.18 U 0.13 U
1,1,2,2-Tetrachloroethane 0.077 U 0.08 U 0.097 U 0.078 U 0.0015 U 0.0015 U 0.0015 U 0.0022 U 0.00068 U 0.00068 U 11 U 0.15 U 0.11 U 0.16 U 0.11 U
1,1,2-Trichloroethane 0.054 U 0.057 U 0.068 U 0.055 U 0.0011 U 0.0011 U 0.0011 U 0.0015 U 0.0068 U 0.0068 U 8 U 0.14 U 0.095 U 0.14 U 0.1 U
1,1-Dichloroethane 0.045 U 0.047 U 0.057 U 0.046 U 0.0009 U 0.00089 U 0.00088 U 0.0013 U 0.0068 U 0.0068 U 6.7 U 0.06 U 0.042 U 0.063 U 0.044 U
1,1-Dichloroethene 0.059 U 0.061 U 0.074 U 0.059 U 0.0012 U 0.0012 U 0.0011 U 0.0017 U 0.0068 U 0.0068 U 8.7 U 0.22 U 0.15 U 0.23 U 0.16 U
1,2,4-Trichlorobenzene 0.44 U 0.41 U 0.052 U 0.065 U 0.08 U 11 = 0.082 U
1,2-Dibromoethane (EDB) 0.0068 U 0.0062 U
1,2-Dichlorobenzene 0.44 U 0.41 U 0.055 U 0.13 U 0.15 U 0.57 U
1,2-Dichloroethane 0.09 U 0.094 U 0.11 U 0.091 U 0.0018 U 0.0018 U 0.0018 U 0.0025 U 0.0068 U 0.0062 U 13 U 0.11 U 0.078 U 0.12 U
1,2-Dichloropropane 0.054 U 0.057 U 0.068 U 0.055 U 0.0011 U 0.0011 U 0.0011 U 0.0015 U 0.0068 U 0.0062 U 8 U 0.23 U 0.16 U 0.24 U 0.17 U
1,3-Dichlorobenzene 0.44 U 0.41 U 0.064 U 0.1 U 0.12 U 0.45 U
1,4-Dichlorobenzene 0.44 U 0.41 U 0.043 U 0.085 U 0.1 U 0.39 U
2-Butanone (MEK) 0.5 UJ 0.52 UJ 0.63 UJ 0.5 UJ 0.0099 UJ 0.0098 UJ 0.0097 UJ 0.014 UJ 0.068 U 0.062 U 74 UJ 2.5 U 1.7 U 2.6 U 1.8 U
2-Hexanone 0.5 U 0.52 U 0.63 U 0.5 U 0.0099 U 0.0098 U 0.0097 U 0.014 U 0.068 U 0.062 U 74 U 1.5 U 1.1 U 1.6 U 1.1 U
4-Methyl-2-pentanone (MIBK) 0.5 U 0.52 U 0.63 U 0.5 U 0.0099 U 0.0098 U 0.0097 U 0.014 U 0.068 U 0.062 U 74 U 1.8 U 1.3 U 1.1 U
Acetone 0.23 U 0.24 U 0.29 U 0.23 U 0.022 J 0.036 J 0.034 J 0.12 J 0.12 = 0.062 U 34 U 2 U 1.4 U 2.1 U 1.5 U
Benzene 0.88 = 1.6 = 3.5 = 1.4 = 0.00099 U 0.00098 U 0.014 J 0.02 J 0.0068 U 0.0062 U 7.4 U 2.4 = 3.2 = 0.24 J 0.63 =
Bromodichloromethane 0.054 U 0.057 U 0.068 U 0.055 U 0.0011 U 0.0011 U 0.0011 U 0.0015 U 0.0068 U 0.0062 U 8 U 0.15 U 0.11 U 0.16 U 0.11 U
Bromoform 0.05 U 0.052 U 0.063 U 0.05 U 0.00099 U 0.00098 U 0.00097 U 0.0014 U 0.0068 U 0.0062 U 7.4 U 0.17 U 0.12 U 0.18 U 0.13 U
Bromomethane 0.16 U 0.17 U 0.2 U 0.16 U 0.0033 U 0.0032 U 0.0032 U 0.0046 U 0.0068 U 0.0062 U 24 U 0.37 U 0.26 U 0.39 U 0.27 U
Carbon disulfide 0.035 U 0.037 U 0.044 U 0.036 U 0.00071 U 0.00069 U 0.0057 J 0.0017 J 0.0068 U 0.0062 U 5.2 U 0.082 U 0.057 U 0.085 U 0.06 U
Carbon tetrachloride 0.063 U 0.066 U 0.08 U 0.064 U 0.0013 U 0.0012 U 0.0012 U 0.0018 U 0.0068 U 0.0062 U 9.4 U 0.06 U 0.042 U 0.063 U 0.044 U
Chlorobenzene 0.05 UJ 0.052 UJ 0.063 UJ 0.05 UJ 0.00099 UJ 0.00098 UJ 0.00097 UJ 0.0014 UJ 0.0068 U 0.0062 U 7.4 UJ 0.086 U 0.12 J 0.24 J 0.63 =
Chloroethane 0.068 UJ 0.071 UJ 0.085 UJ 0.068 UJ 0.0014 UJ 0.0013 UJ 0.0013 UJ 0.0019 UJ 0.014 U 0.012 U 10 UJ 0.11 U 0.079 U 0.12 U 0.083 U
Chloroform 0.037 U 0.039 U 0.047 U 0.037 U 0.00074 U 0.00073 U 0.00073 U 0.001 U 0.0068 U 0.0062 U 5.5 U 0.069 U 0.049 U 0.072 U 0.051 U
Chloromethane 0.1 U 0.11 U 0.13 U 0.1 U 0.0021 U 0.002 U 0.002 U 0.0029 U 0.014 U 0.012 U 15 U 0.04 U 0.028 U 0.042 U 0.03 U
cis-1,2-Dichloroethene 0.043 U 0.045 U 0.055 U 0.044 U 0.00087 U 0.00085 U 0.00085 U 0.0012 U 6.4 U 0.091 U 0.064 U 0.095 U 0.067 U
cis-1,3-Dichloropropene 0.045 U 0.047 U 0.057 U 0.046 U 0.0009 U 0.00089 U 0.00088 U 0.0013 U 0.0068 U 0.0062 U 6.7 U 0.1 U 0.074 U 0.11 U 0.077 U
Dibromochloromethane 0.054 U 0.057 U 0.068 U 0.055 U 0.0011 U 0.0011 U 0.0011 U 0.0015 U 0.014 U 0.012 U 8 U 0.12 U 0.082 U 0.12 U 0.087 U
Ethylbenzene 0.081 U 0.17 J 1.1 = 0.33 = 0.0016 U 0.0016 U 0.0016 U 0.0025 J 0.0068 U 0.0062 U 12 U 0.048 U 0.034 U 0.056 J 0.035 U
m- and p-Xylenes 0.23 J 0.19 J 6.1 = 0.51 = 0.00093 J 0.002 J 0.0024 J 0.00094 UB 0.0068 U 0.0062 U 5 U 160 J 230 J 25 = 360 J
Methylene chloride 0.072 U 0.075 U 0.091 U 0.073 U 0.0014 U 0.0014 U 0.0014 U 0.002 U 0.0068 U 0.0062 U 11 U 0.15 0.11 U 0.16 U 0.11 U
o-Xylene 0.054 J 0.034 J 1.7 = 0.082 J 0.00054 U 0.00053 U 0.0007 J 0.00099 J 0.0068 U 0.0062 U 4 U
Styrene 0.027 UJ 0.029 UJ 0.49 J 0.028 UJ 0.00055 UJ 0.00054 UJ 0.00054 UJ 0.00077 UJ 0.0068 U 0.0062 U 4.1 UJ 0.065 U 0.045 U 0.068 U 0.048 U
Tetrachloroethene 0.041 UJ 0.042 UJ 0.051 UJ 0.041 UJ 0.00081 UJ 0.0008 UJ 0.0008 UJ 0.0011 UJ 0.0068 U 0.0062 U 6 UJ 2.6 = 2.1 = 4.7 = 0.18 J
Toluene 0.19 J 0.047 U 2.7 = 0.07 J 0.0009 U 0.0024 J 0.0032 J 0.0013 U 0.0068 U 0.0062 U 6.7 UJ 2.6 = 5.2 = 0.79 J 0.94 =
trans-1,2-Dichloroethene 0.045 U 0.047 U 0.056 U 0.045 U 0.0009 U 0.00088 U 0.00088 U 0.0013 U 0.0068 U 0.0062 U 6.6 U 0.069 U 0.049 U 0.072 U 0.051 U
trans-1,3-Dichloropropene 0.044 U 0.046 U 0.055 U 0.044 U 0.00088 U 0.00086 U 0.00086 U 0.0012 U 0.0068 U 0.0062 U 6.5 U 0.2 U 0.14 U 0.21 U 0.15 U
Trichloroethene 0.041 U 0.042 U 0.051 U 0.041 U 0.00081 U 0.0008 U 0.0008 U 0.0011 U 0.0068 U 0.0062 U 6 U 0.13 U 0.093 U 0.14 U 0.098 U
Vinyl chloride 0.072 U 0.075 U 0.091 U 0.073 U 0.0014 U 0.0014 U 0.0014 U 0.002 U 0.014 U 0.012 U 11 U 0.092 U 0.065 U 0.097 U 0.068 U
Xylenes 0.29 J 0.22 J 7.8 = 0.59 = 0.0012 J 0.0025 J 0.0031 J 0.0037 J 8.7 U

1-Methylnaphthalene 5.1 = 220 U 390 J 14,000 =
2,4,5-Trichlorophenol 2.3 U 2.3 U 0.059 U 0.37 U 0.37 U 1.4 U
2,4,6-Trichlorophenol 0.44 U 0.45 U 0.048 U 0.098 U 0.098 U 0.36 U
2,4-Dichlorophenol 0.44 U 0.45 U 0.044 U 0.14 U 0.14 U 0.5 U
2,4-Dimethylphenol 0.44 U 0.45 U 0.047 U 0.086 U 0.086 U 0.32 U
2,4-Dinitrophenol 2.3 U 2.3 U 0.053 U 1 U 1 U 3.9 U
2,4-Dinitrotoluene 0.44 U 0.45 U 0.044 U 0.098 U 0.098 U 0.36 U
2,6-Dinitrotoluene 0.44 U 0.45 U 0.054 U 0.098 U 0.098 U 0.36 U
2-Chlorophenol 0.44 U 0.45 U 0.052 U 0.1 U 0.1 U 0.39
2-Methyl-4,6-dinitrophenol 2.3 U 2.3 U 0.096 U
2-Methylnaphthalene 0.44 U 0.45 U 1.2 = 1 U 1 U 3.9 U
2-Methylphenol (o-cresol) 0.44 U 0.45 U 0.05 U
2-Nitroaniline 2.3 U 2.3 U 0.055 UJ 0.055 U 0.055 U 0.2 U
2-Nitrophenol 0.44 U 0.45 U 0.044 U 0.14 U 0.14 U 4.8 U
2-sec-Butyl-4,6-dinitrophenol 0.058 U
3 & 4 Methylphenol 0.052 U 0.14 U 0.14 U 0.52 U
3,3'-Dichlorobenzidine 2.3 U 2.3 U 0.086 U 0.08 U 0.08 U 0.3 U
4-Bromophenyl phenyl ether 0.44 U 0.45 U 0.052 U 0.11 U 0.11 U 0.41 U
4-Chloro-3-methylphenol 0.44 U 0.45 U 0.05 U 0.086 U
4-Chlorophenyl phenyl ether 0.44 U 0.45 U 0.047 U 0.07 U 0.086 U 0.32 U
4-Methylphenol (p-cresol) 0.44 U 0.45 U
4-Nitroaniline 2.3 U 2.3 U 0.073 UJ 0.12 U 0.14 U 0.2 U
4-Nitrophenol 2.3 U 2.3 U 0.095 U 1.1 U 1.3 U 0.5 U
Acenaphthene 0.44 U 0.45 U 9.7 = 0.13 J 0.28 J 3.9 J
Acenaphthylene 0.44 U 0.45 U 1.2 = 4.1 = 5.7 = 13 =
Anthracene 0.44 U 0.45 U 8.5 = 1.7 = 3.2 = 36 =

10-SB0003
(3'-5' bgs)

10-SB0003
(6'-8' bgs)

10-SB0004
(2'-4' bgs)

10-SB0004
(8'-10' bgs)

10-SB0005
(2'-4' bgs)

10-SB0005
(6.5'-8.5' bgs)

10-SB0006
(3'-5' bgs)

10-SB0006
(7'-9' bgs)

1B-SB0004
(12'-14' bgs)

1B-SB0004
(4'-6' bgs)

2B-SB003
 (1'-3' bgs) (6'-8' bgs)

37-SB002
(10'-12' bgs)

37-SB002 37-SB003 37-SB003
(3'-5' bgs) (6.5'-8.5' bgs)

Page 1 of 6



Table A.1. Chemicals of Potential Concern (COPCs) - Soil 0.5 - 15 ft Depths
SMA 3 - Soil Analytical Data, Chemicals Detected at Least once, units mg/kg
Bluestone Coke, Birmingham, Alabama

Chemical Name
10-SB0003
(3'-5' bgs)

10-SB0003
(6'-8' bgs)

10-SB0004
(2'-4' bgs)

10-SB0004
(8'-10' bgs)

10-SB0005
(2'-4' bgs)

10-SB0005
(6.5'-8.5' bgs)

10-SB0006
(3'-5' bgs)

10-SB0006
(7'-9' bgs)

1B-SB0004
(12'-14' bgs)

1B-SB0004
(4'-6' bgs)

2B-SB003
 (1'-3' bgs) (6'-8' bgs)

37-SB002
(10'-12' bgs)

37-SB002 37-SB003 37-SB003
(3'-5' bgs) (6.5'-8.5' bgs)

Benzidine 0.27 UJ
Benzo(a)anthracene 0.44 U 0.45 U 12 = 8.3 = 12 = 57 =
Benzo(a)pyrene 0.44 U 0.45 U 8.4 = 9.7 = 14 = 35 =
Benzo(b)fluoranthene 0.44 U 0.45 U 10 = 14 = 19 = 45 =
Benzo(g,h,i)perylene 0.44 U 0.45 U 4.3 = 11 = 15 = 18 =
Benzo(k)fluoranthene 0.44 U 0.45 U 4.4 = 5.9 = 7.7 = 24 =
Bis(2-chloroethoxy)methane 0.44 U 0.45 U 0.048 U 0.12 U 0.14 U 0.52 U
Bis(2-chloroethyl)ether 0.44 U 0.45 U 0.052 U 0.13 U 0.15 U 0.57 U
Bis(2-chloroisopropyl)ether 0.44 U 0.45 U 0.074 U
Bis(2-ethylhexyl)phthalate 0.44 U 0.45 U 0.046 U 0.055 U 0.068 U 0.51 J
Butylbenzylphthalate 0.06 U 0.065 U 0.08 U 0.47 J
Carbazole 0.74 = 0.5 = 0.95 J 9.8 =
Chrysene 0.44 U 0.45 U 9.3 = 7.3 = 9.8 = 54 =
Dibenzo(a,h)anthracene 0.44 U 0.45 U 1.3 = 3.3 = 4.3 = 8.7 =
Dibenzofuran 0.44 U 0.45 U 7.2 = 0.28 = 0.71 J 16 =
Diethylphthalate 0.44 U 0.45 U 0.048 U 0.07 U 0.086 U 0.32 U
Dimethylphthalate 0.44 U 0.45 U 0.05 U 0.09 U 0.11 U 0.41 U
Di-n-butylphthalate 0.44 U 0.45 U 0.052 U 0.38 U 0.46 U 1.7 U
Di-n-octylphthalate 0.44 U 0.45 U 0.042 UJ 0.065 U 0.08 U 0.3 U
Fluoranthene 0.44 U 0.45 U 24 = 11 = 17 = 110 =
Fluorene 0.44 U 0.45 U 18 = 0.39 = 1.1 J 33 =
Hexachlorobenzene 0.44 U 0.45 U 0.055 U 0.13 U 0.15 U 0.57 U
Hexachlorobutadiene 0.44 U 0.45 U 0.042 U 0.11 U 0.13 U 0.48 U
Hexachlorocyclopentadiene 0.44 U 0.45 U 0.037 UJ 0.08 U 0.098 U 0.36 U
Hexachloroethane 0.44 U 0.45 U 0.047 U 0.1 U 0.12 U 0.45 U
Indeno(1,2,3-cd)pyrene 0.44 U 0.45 U 3.8 = 11 = 14 = 19 =
Isophorone 0.44 U 0.45 U 0.055 U 0.06 U 0.074 U 0.27 U
Naphthalene 0.44 U 0.45 U 20 = 1.5 = 3.1 = 64 =
Nitrobenzene 0.44 U 0.45 U 0.044 U 0.08 0.098 U 0.36 U
N-Nitrosodimethylamine 0.44 U 0.45 U 0.2 U 0.26 U 0.31 U 1.2 U
N-Nitroso-di-n-propylamine 0.44 U 0.45 U 0.048 U 0.08 U 0.098 U 0.36 U
N-Nitrosodiphenylamine 0.055 UJ 0.25 U 0.3 U 1.1 U
p-Chloroaniline 0.89 U 0.9 U 0.076 UJ
Pentachlorophenol 2.3 U 2.3 U 0.044 U 0.25 U 0.3 U 1.1 U
Phenanthrene 0.44 U 0.45 U 28 = 3.5 = 8.1 = 100 =
Phenol 0.44 U 0.45 U 0.044 U 0.095 U 0.12 U 0.43 U
Pyrene 0.44 U 0.45 U 20 = 8.9 = 13 = 72 =

Aluminum, Total 23000 = 8400 = 20,000 = 5,900 =
Antimony, Total 6.8 U 6.8 U 2.2 U 2.9 U 2.4 U 2.4 U
Arsenic, Total 9 = 10 = 15 = 19 = 12 = 8.4 J
Barium, Total 93 = 18 = 92 = 96 = 47 = 65 =
Beryllium, Total 3.8 = 1 = 1.1 J 1.1 = 0.95 J 0.99 J
Cadmium, Total 6.8 U 6.8 U 0.56 J 1.4 = 0.46 U 0.58 J
Calcium, Total 42000 = 11000 = 18,000 = 19,000 =
Chromium, Total 27 = 55 = 44 = 27 = 43 = 20 =
Cobalt, Total 17 = 7.9 = 10 = 4.4 J
Copper, Total 16 = 30 = 13 J 61 = 22 = 41 =
Iron, Total 35000 = 46000 = 38,000 = 20,000 =
Lead, Total 20 = 8 = 26 = 63 = 20 = 25 =
Magnesium, Total 3000 = 1300 = 3,900 = 5,700 =
Manganese, Total 580 = 650 = 290 = 340 =
Mercury, Total 0.5 = 0.23 = 0.14 = 0.89 = 7.8 = 0.86 =
Nickel, Total 28 = 18 = 13 J 13 = 16 J 8.4 J
Potassium, Total 1400 = 760 = 1,400 = 510 J
Selenium, Total 68 U 68 U 2.1 U 2.7 U 2.2 U 2.3 U
Silver, Total 1.4 U 1.4 U 1.8 U 2.4 U 1.9 U 2 U
Sodium, Total 330 U 430 U 350 U 360 U
Thallium, Total 68 U 68 U 2.1 U 2.8 U 2.3 U 2.3 U
Tin, Total 2.8 U 4.3 = 2.9 U 3.3 J
Vanadium, Total 43 = 21 = 43 = 22 =
Zinc, Total 260 = 51 = 27 = 310 = 77 =
Cyanide, Total 1.4 U 3 = 32 =

results are in mg/kg or ppm
U = qualifier code for nondetected result
J = qualifier code for estimated result
BOLD font indicates a detected chemical concentration.
Red Highlighted and bolded font exceeds Preliminary Cleanup Standard (PCS)
Yellow Highlighted and bolded font exceeds Groundwater Protection Standard Soil Screening Levels (GWPS SSL)
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Table A.1. Chemicals of Potential Concern (COPCs) - Soil 0.5 - 15 ft Depths
SMA 3 - Soil Analytical Data, Chemicals Detected at Least once, units mg/kg
Bluestone Coke, Birmingham, Alabama

Chemical Name
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2,4-Trichlorobenzene
1,2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2-Butanone (MEK)
2-Hexanone
4-Methyl-2-pentanone (MIBK)
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
Dibromochloromethane
Ethylbenzene
m- and p-Xylenes
Methylene chloride
o-Xylene
Styrene
Tetrachloroethene
Toluene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene
Trichloroethene
Vinyl chloride
Xylenes

1-Methylnaphthalene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chlorophenol
2-Methyl-4,6-dinitrophenol
2-Methylnaphthalene
2-Methylphenol (o-cresol)
2-Nitroaniline
2-Nitrophenol
2-sec-Butyl-4,6-dinitrophenol
3 & 4 Methylphenol
3,3'-Dichlorobenzidine
4-Bromophenyl phenyl ether
4-Chloro-3-methylphenol
4-Chlorophenyl phenyl ether
4-Methylphenol (p-cresol)
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Anthracene

0.0014 UJ 0.0011 UJ 0.0015 U 0.24 U 0.13 UJ 0.15 UJ 0.0011 U 0.085 U 0.0011 U 0.0016 UJ 0.001 U 0.0014 UJ 0.0011 UJ 0.0012 UJ 0.11 U
0.0016 U 0.0013 U 0.0013 U 0.22 U 0.15 U 0.17 U 0.00097 U 0.077 U 0.00096 U 0.0014 UJ 0.00092 U 0.0015 U 0.0013 U 0.0014 U 0.098 U
0.0011 U 0.00089 U 0.0012 U 0.19 U 0.1 U 0.12 U 0.00085 U 0.068 U 0.00085 U 0.0013 UJ 0.00081 U 0.0011 U 0.00092 U 0.00097 U 0.086 U

0.00094 U 0.00074 U 0.00052 U 0.085 U 0.086 U 0.1 U 0.00038 U 0.03 U 0.00038 U 0.00056 U 0.00036 U 0.0009 U 0.00077 U 0.00081 U 0.038 U
0.0012 U 0.00097 U 0.0018 U 0.3 U 0.11 U 0.13 U 0.0014 U 0.11 U 0.0014 U 0.002 U 0.0013 U 0.0012 U 0.001 U 0.0011 U 0.14 U
0.053 U 0.049 U 0.017 U 0.66 U 4.8 U 0.052 U 0.016 U 0.016 U 0.017 U 0.017 U 0.015 U 0.051 U 0.049 U 0.05 U 0.14 U

0.057 U 0.052 U 0.032 U 1.3 U 5.1 U 0.056 U 0.031 U 0.03 U 0.032 U 0.032 U 0.03 U 0.054 U 0.052 U 0.053 U 0.27 U
0.0019 U 0.0015 U 0.00095 U 0.16 U 0.17 U 0.2 U 0.0007 U 0.056 U 0.00069 U 0.001 UJ 0.00066 U 0.0018 U 0.0015 U 0.0016 U 0.07 U
0.0011 U 0.00089 U 0.002 U 0.33 U 0.1 U 0.12 U 0.0014 U 0.12 U 0.0014 U 0.0022 UJ 0.0014 U 0.0011 U 0.00092 U 0.00097 U 0.15 U
0.066 U 0.06 U 0.026 U 1 U 5.9 U 0.065 U 0.024 U 0.024 U 0.026 U 0.026 U 0.024 U 0.063 U 0.061 U 0.062 U 0.22 U
0.044 U 0.04 U 0.022 U 0.87 U 4 U 0.044 U 0.021 U 0.021 U 0.022 U 0.022 U 0.02 U 0.042 U 0.041 U 0.041 U 0.19 U
0.01 UJ 0.0082 U 0.021 U 3.5 U 0.95 UJ 1.1 UJ 0.015 U 1.2 U 0.015 U 0.023 UJ 0.015 U 0.0099 UJ 0.0084 UJ 0.0089 UJ 1.6 U
0.01 U 0.0082 UJ 0.013 UJ 2.2 UJ 0.95 U 1.1 U 0.0097 UJ 0.77 UJ 0.0096 UJ 0.014 UJ 0.0092 UJ 0.0099 U 0.0084 U 0.0089 U 0.98 UJ
0.01 U 0.0082 U 0.016 U 2.6 U 0.95 U 1.1 U 0.012 U 0.93 U 0.012 U 0.017 UJ 0.011 U 0.0099 U 0.0084 U 0.0089 U 1.2 U
0.015 J 0.016 J 0.038 J 2.8 U 0.44 U 0.52 U 0.013 U 1 U 0.018 J 0.055 J 0.012 U 0.009 J 0.026 J 0.03 J 1.3 U
0.001 U 0.00082 U 0.046 = 3.7 = 0.095 U 0.11 U 0.00025 U 0.027 J 0.00084 J 0.0016 J 0.0011 J 0.00099 U 0.00084 U 0.00089 U 0.074 J
0.0011 U 0.00089 U 0.0013 U 0.22 U 0.1 U 0.12 U 0.00097 U 0.077 U 0.00096 U 0.0014 UJ 0.00092 U 0.0011 U 0.00092 U 0.00097 U 0.098 U
0.001 U 0.00082 U 0.0015 U 0.24 U 0.095 U 0.11 U 0.0011 U 0.085 U 0.0011 U 0.0016 UJ 0.001 U 0.00099 U 0.00084 U 0.00089 U 0.11 U
0.0034 U 0.0027 U 0.0032 U 0.52 U 0.31 U 0.36 U 0.0023 U 0.19 U 0.0023 U 0.0034 UJ 0.0022 U 0.0032 U 0.0028 U 0.0029 U 0.23 U
0.0012 J 0.00095 J 0.0039 J 0.12 U 0.068 J 0.079 U 0.00051 U 0.041 U 0.00051 U 0.005 J 0.00049 U 0.0007 U 0.0006 U 0.00063 U 0.052 U
0.0013 U 0.001 U 0.00052 U 0.085 U 0.12 U 0.14 U 0.00038 U 0.03 U 0.00038 U 0.00056 UJ 0.00036 U 0.0013 U 0.0011 U 0.0011 U 0.038 U
0.001 UJ 0.00082 UJ 0.00074 U 0.12 U 0.095 UJ 0.11 UJ 0.00054 U 0.043 U 0.00054 U 0.0008 UJ 0.00051 U 0.00099 UJ 0.00084 UJ 0.00089 UJ 0.055 U
0.0014 UJ 0.0011 UJ 0.00096 U 0.16 U 0.13 UJ 0.15 UJ 0.0007 U 0.056 U 0.0007 U 0.001 UJ 0.00067 U 0.0014 UJ 0.0011 UJ 0.0012 UJ 0.071 U

0.00077 U 0.00061 U 0.00059 U 0.098 U 0.071 U 0.083 U 0.00043 U 0.035 U 0.00043 U 0.00065 UJ 0.00041 U 0.00074 U 0.00063 U 0.00066 U 0.044 U
0.0022 U 0.0017 U 0.00034 U 0.057 U 0.2 U 0.23 U 0.00025 U 0.02 U 0.00025 U 0.00037 UJ 0.00024 U 0.0021 U 0.0018 U 0.0019 U 0.025 U
0.0009 U 0.00071 U 0.00078 U 0.13 U 0.083 U 0.097 U 0.00057 U 0.045 U 0.00057 U 0.00085 UJ 0.00054 U 0.00087 U 0.00074 U 0.00078 U 0.058 U

0.00094 U 0.00074 U 0.0009 U 0.15 U 0.086 U 0.1 U 0.00066 U 0.052 U 0.00066 U 0.00098 UJ 0.00062 U 0.0009 U 0.00077 U 0.00081 U 0.066 U
0.0011 U 0.00089 U 0.001 U 0.17 U 0.1 U 0.12 U 0.00073 U 0.059 U 0.00073 U 0.0011 UJ 0.0007 U 0.0011 U 0.00092 U 0.00097 U 0.074 U
0.0017 U 0.0013 U 0.0023 J 2.9 = 0.76 = 0.18 U 0.0003 U 0.024 U 0.0003 U 0.00045 UJ 0.00028 U 0.0016 U 0.0014 U 0.0015 U 0.03 U
0.0015 J 0.0013 UB 2.6 = 0.99 J 0.0017 UB 0.0013 UB 0.0012 UB
0.0015 U 0.0012 U 0.0013 U 0.22 U 0.14 U 0.16 U 0.00097 U 0.077 U 0.00096 U 0.0014 UJ 0.00092 U 0.0014 U 0.0012 U 0.0013 U 0.098 U

0.00059 J 0.00045 U 1.7 = 0.31 J 0.00059 J 0.00046 U 0.00049 U
0.00057 UJ 0.00045 UJ 0.00055 U 0.091 U 0.072 J 0.062 UJ 0.00041 U 0.032 U 0.00041 U 0.0006 UJ 0.00039 U 0.00055 UJ 0.00047 UJ 0.00049 UJ 0.041 U
0.00085 UJ 0.00067 UJ 0.00083 U 0.14 U 0.077 UJ 0.091 U 0.00061 U 0.049 U 0.00061 U 0.00091 UJ 0.00058 U 0.00081 UJ 0.00069 UJ 0.00073 UJ 0.074 J
0.0021 J 0.0015 J 0.0012 J 0.77 J 0.18 J 0.26 J 0.00058 U 0.046 U 0.00058 U 0.00086 UJ 0.00055 U 0.0018 J 0.0015 J 0.0015 J 0.24 J

0.00093 U 0.00074 U 0.00059 UJ 0.098 UJ 0.085 U 0.1 U 0.00043 UJ 0.035 UJ 0.00043 UJ 0.00065 UJ 0.00041 UJ 0.00089 U 0.00076 U 0.0008 U 0.044 UJ
0.00091 U 0.00072 U 0.0017 U 0.28 U 0.083 U 0.098 U 0.0013 U 0.1 U 0.0013 U 0.0019 UJ 0.0012 U 0.00087 U 0.00074 U 0.00078 U 0.13 U
0.00085 U 0.00067 U 0.0011 U 0.19 U 0.077 U 0.091 UJ 0.00083 U 0.066 U 0.00083 U 0.0012 UJ 0.00079 U 0.00081 U 0.00069 U 0.00073 U 0.084 U
0.0015 U 0.0012 U 0.00079 UJ 0.13 UJ 0.14 U 0.16 U 0.00058 UJ 0.046 UJ 0.00058 UJ 0.00086 UJ 0.00055 UJ 0.0014 U 0.0012 U 0.0013 U 0.059 UJ
0.0021 J 0.0017 UB 0.0073 J 1.2 J 4.3 = 1.3 = 0.00069 U 0.055 U 0.00069 U 0.001 UJ 0.00065 U 0.0023 UB 0.0018 UB 0.0016 UB 0.091 J

0.29 J 0.042 U 0.055 U 13 J 640 = 68 = 0.053 U 0.37 J 0.055 U 0.055 U 0.051 U 0.19 J 0.15 J 0.23 J 0.47 U
0.061 U 0.055 U 0.077 U 3.1 U 5.5 U 0.06 U 0.073 U 0.072 U 0.077 U 0.077 U 0.071 U 0.058 U 0.056 U 0.057 U 0.66 U
0.05 U 0.045 U 0.021 U 0.82 U 4.5 U 0.049 U 0.02 U 0.019 U 0.021 U 0.02 U 0.019 U 0.047 U 0.045 U 0.046 U 0.18 U
0.046 U 0.042 U 0.028 U 1.1 U 4.1 UJ 0.045 U 0.027 U 0.027 U 0.028 U 0.028 U 0.026 U 0.044 U 0.042 U 0.043 U 0.24 U
0.048 U 0.044 U 0.018 U 1.5 J 4.3 U 13 = 0.017 U 0.017 U 0.018 U 0.018 U 0.017 U 0.046 U 0.044 U 0.045 U 0.15 U
0.055 UJ 0.05 UJ 0.22 U 8.7 U 4.9 U 0.054 UJ 0.21 U 0.21 U 0.22 U 0.22 U 0.2 U 0.052 U 0.05 UJ 0.051 UJ 1.9 U
0.046 U 0.042 U 0.021 U 0.82 U 4.1 U 0.045 U 0.02 U 0.019 U 0.021 U 0.02 U 0.019 U 0.044 UJ 0.042 U 0.043 U 0.18 U
0.056 U 0.051 U 0.021 U 0.82 U 5 U 0.055 U 0.02 U 0.019 U 0.021 U 0.02 U 0.019 U 0.053 U 0.051 U 0.052 U 0.18 U
0.053 U 0.049 U 0.022 U 0.87 U 4.8 U 0.052 U 0.021 U 0.021 U 0.022 U 0.022 U 0.02 U 0.051 U 0.049 U 0.05 U 0.19 U
0.099 U 0.09 U 0.22 U 8.7 U 8.9 U 0.097 U 0.21 U 0.21 U 0.22 U 0.22 U 0.2 U 0.094 U 0.091 U 0.092 U 1.9 U
0.48 = 0.042 U 0.014 U 19 = 1500 = 160 = 0.013 U 0.44 = 0.014 U 0.014 U 0.013 U 0.33 J 0.27 J 0.44 = 0.39 J
0.052 U 0.047 U 0.024 U 0.97 U 4.7 U 3.4 = 0.023 U 0.023 U 0.024 U 0.024 U 0.022 U 0.05 U 0.048 U 0.049 U 0.21 U
0.057 U 0.052 U 0.011 U 0.45 U 5.1 U 0.056 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.054 U 0.052 U 0.053 U 0.098 U
0.046 U 0.042 U 0.028 U 1.1 U 4.1 U 0.045 U 0.027 U 0.027 U 0.028 U 0.028 U 0.026 U 0.044 U 0.042 U 0.043 U 0.24 U
0.06 U 0.054 U 0.032 U 1.3 U 5.4 U 0.059 U 0.031 U 0.03 U 0.032 U 0.032 U 0.03 U 0.057 U 0.055 U 0.056 U 0.27 U
0.053 U 0.049 U 0.03 U 1.8 J 4.8 U 1 = 0.028 U 0.028 U 0.03 U 0.029 U 0.027 U 0.051 U 0.049 U 0.05 U 0.25 U
0.089 UJ 0.081 UJ 0.017 U 0.66 U 8 UJ 0.087 UJ 0.016 U 0.016 U 0.017 U 0.017 U 0.015 U 0.085 UJ 0.081 UJ 0.083 UJ 0.14 U
0.053 U 0.049 U 0.023 U 0.92 U 4.8 U 0.052 U 0.022 U 0.022 U 0.023 U 0.023 U 0.021 U 0.051 U 0.049 U 0.05 U 0.2 U
0.052 U 0.047 U 0.039 U 1.5 U 4.7 U 0.051 U 0.037 U 0.036 U 0.039 U 0.038 U 0.035 U 0.05 U 0.048 U 0.049 U 0.33 U
0.048 U 0.044 U 0.018 U 0.71 U 4.3 U 0.047 U 0.017 U 0.017 U 0.018 U 0.018 U 0.017 U 0.046 U 0.044 U 0.045 U 0.15 U

0.075 U 0.068 U 0.03 U 1.2 U 6.7 U 0.074 U 0.028 U 0.028 U 0.03 U 0.029 U 0.027 U 0.071 U 0.069 U 0.07 U 0.25 U
0.098 U 0.089 U 0.27 U 11 U 8.8 U 0.096 U 0.26 U 0.25 U 0.27 U 0.27 U 0.25 U 0.093 U 0.09 U 0.091 U 2.3 U
0.046 U 0.042 U 0.33 J 14 J 160 = 13 = 0.031 U 0.19 J 0.032 U 0.032 U 0.03 U 0.044 U 0.042 U 0.24 J 1.8 J
0.05 U 0.045 U 0.055 U 12 J 57 = 9.6 = 0.053 U 0.43 = 0.055 U 0.055 U 0.051 U 0.047 U 0.045 U 0.046 U 0.47 U
0.062 U 0.057 U 0.22 J 43 = 77 = 15 = 0.027 U 0.35 J 0.028 U 0.028 U 0.026 U 0.059 U 0.057 U 0.058 U 4.8 =

CO-TG14
 (10'-12' bgs)

CO-TG14
 (6'-8' bgs)

CO-TG 19 - SB
(6'-8' bgs)

CO-TG 19 - SB
(3'-5' bgs)

CO-TG064SB
 (3'-5' bgs)  (7'-9' bgs)

CO-TG35
(3'-5' bgs)

CO-TG35
(5'-7' bgs)

CO-TG45-SB
(3'-5' bgs)

CO-TG45-SB CO-TG064SB
(6'-8' bgs)  (13'-15' bgs)

CO-TG064SB
(12'-14' bgs) (2'-4' bgs) (8'-10' bgs) (2'-4' bgs)
CO-TG73 CO-TG73 CO-TG73 CO-TG80-SB
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Table A.1. Chemicals of Potential Concern (COPCs) - Soil 0.5 - 15 ft Depths
SMA 3 - Soil Analytical Data, Chemicals Detected at Least once, units mg/kg
Bluestone Coke, Birmingham, Alabama

Chemical Name
Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)ether
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Carbazole
Chrysene
Dibenzo(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethylphthalate
Di-n-butylphthalate
Di-n-octylphthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
Naphthalene
Nitrobenzene
N-Nitrosodimethylamine
N-Nitroso-di-n-propylamine
N-Nitrosodiphenylamine
p-Chloroaniline
Pentachlorophenol
Phenanthrene
Phenol
Pyrene

Aluminum, Total
Antimony, Total
Arsenic, Total
Barium, Total
Beryllium, Total
Cadmium, Total
Calcium, Total
Chromium, Total
Cobalt, Total
Copper, Total
Iron, Total
Lead, Total
Magnesium, Total
Manganese, Total
Mercury, Total
Nickel, Total
Potassium, Total
Selenium, Total
Silver, Total
Sodium, Total
Thallium, Total
Tin, Total
Vanadium, Total
Zinc, Total
Cyanide, Total

CO-TG14
 (10'-12' bgs)

CO-TG14
 (6'-8' bgs)

CO-TG 19 - SB
(6'-8' bgs)

CO-TG 19 - SB
(3'-5' bgs)

CO-TG064SB
 (3'-5' bgs)  (7'-9' bgs)

CO-TG35
(3'-5' bgs)

CO-TG35
(5'-7' bgs)

CO-TG45-SB
(3'-5' bgs)

CO-TG45-SB CO-TG064SB
(6'-8' bgs)  (13'-15' bgs)

CO-TG064SB
(12'-14' bgs) (2'-4' bgs) (8'-10' bgs) (2'-4' bgs)
CO-TG73 CO-TG73 CO-TG73 CO-TG80-SB

0.28 UJ 0.25 UJ 25 UJ 0.27 UJ 0.015 U 0.27 UJ 0.26 UJ 0.26 UJ
0.048 U 0.044 U 0.14 J 80 = 28 J 24 = 0.012 U 0.59 = 0.024 J 0.56 = 0.014 U 0.046 U 0.044 U 0.045 U 12 =
0.046 U 0.042 U 0.068 J 57 = 18 J 9.2 = 0.018 J 0.46 = 0.02 J 0.51 = 0.011 U 0.044 U 0.042 U 0.043 U 9.6 =
0.065 U 0.059 U 0.08 J 74 = 25 J 19 = 0.022 J 0.58 = 0.022 J 0.7 = 0.0068 U 0.062 U 0.059 U 0.06 U 12 =
0.05 U 0.045 U 0.035 J 31 = 9.7 J 8.6 = 0.026 U 0.37 J 0.025 J 0.44 = 0.02 U 0.047 U 0.045 U 0.046 U 9.1 =
0.046 U 0.042 U 0.046 J 29 = 12 J 6.4 = 0.28 J 0.027 U 0.31 J 0.025 U 0.044 U 0.042 U 0.043 U 5 =
0.05 U 0.045 U 0.03 U 1.2 U 4.5 U 0.049 U 0.028 U 0.028 U 0.03 U 0.029 U 0.027 U 0.047 U 0.045 U 0.046 U 0.25 U
0.053 U 0.049 U 0.032 U 1.3 U 4.8 U 0.052 U 0.031 U 0.03 U 0.032 U 0.032 U 0.03 U 0.051 U 0.049 U 0.05 U 0.27 U
0.076 U 0.069 U 6.9 U 0.075 U 0.073 U 0.07 U 0.071 U
0.047 U 0.043 U 0.014 U 0.56 U 4.2 U 0.046 U 0.013 UB 0.013 UB 0.014 UB 0.014 UB 0.013 UB 0.045 U 0.043 U 0.044 U 0.12 U
0.062 U 0.057 U 0.017 U 0.66 U 5.6 U 0.061 U 0.016 U 0.016 U 0.017 U 0.017 U 0.015 U 0.059 U 0.057 U 0.058 U 0.14 U
0.12 J 0.043 U 0.068 J 27 = 99 = 19 = 0.02 U 0.58 = 0.021 U 0.02 U 0.019 U 0.045 U 0.043 U 0.044 U 3 J

0.044 U 0.04 U 0.13 J 70 = 28 J 16 = 0.026 U 0.59 = 0.027 U 0.59 = 0.025 U 0.042 U 0.041 U 0.041 U 11 =
0.044 U 0.04 U 0.015 U 12 J 4 U 3 = 0.015 U 0.11 J 0.015 U 0.17 J 0.014 U 0.042 U 0.041 U 0.041 U 2.1 J
0.21 J 0.058 U 0.04 J 18 = 290 = 35 = 0.013 U 0.38 J 0.014 U 0.014 U 0.013 U 0.061 U 0.058 U 0.059 U 0.92 J
0.05 U 0.045 U 0.018 U 0.71 U 4.5 U 0.049 U 0.017 U 0.017 U 0.018 U 0.018 U 0.017 U 0.047 U 0.045 U 0.046 U 0.15 U
0.052 U 0.047 U 0.023 U 0.92 U 4.7 U 0.051 U 0.022 U 0.022 U 0.023 U 0.023 U 0.021 U 0.05 U 0.048 U 0.049 U 0.2 U
0.053 U 0.049 U 0.097 U 3.8 U 4.8 U 0.052 U 0.092 U 0.091 U 0.096 U 0.096 U 0.089 U 0.051 U 0.049 U 0.05 U 0.82 U
0.043 U 0.039 U 0.017 U 0.66 U 3.9 U 0.042 U 0.016 U 0.016 U 0.017 U 0.017 U 0.015 U 0.041 U 0.04 U 0.04 U 0.14 U
0.11 J 0.054 U 0.86 = 150 = 120 = 54 = 0.04 J 1.3 = 0.024 U 0.49 = 0.022 U 0.057 U 0.055 U 0.5 = 29 =
0.35 J 0.055 U 0.085 J 42 = 440 = 50 = 0.029 U 0.38 J 0.031 U 0.031 U 0.028 U 0.058 U 0.056 U 0.074 J 1.3 J
0.057 U 0.052 U 0.032 U 1.3 U 5.1 U 0.056 U 0.031 U 0.03 U 0.032 U 0.032 U 0.03 U 0.054 U 0.052 U 0.053 U 0.27 U
0.043 U 0.039 U 0.027 U 1.1 U 3.9 U 0.042 U 0.026 U 0.025 U 0.027 U 0.027 U 0.025 U 0.041 U 0.04 U 0.04 U 0.23 U
0.038 UJ 0.035 UJ 0.021 U 0.82 U 3.4 UJ 0.037 UJ 0.02 U 0.019 U 0.021 U 0.02 U 0.019 U 0.036 UJ 0.035 UJ 0.036 UJ 0.18 U
0.048 U 0.044 U 0.026 U 1 U 4.3 U 0.047 U 0.024 U 0.024 U 0.026 U 0.026 U 0.024 U 0.046 U 0.044 U 0.045 U 0.22 U
0.046 U 0.042 U 0.038 J 32 = 4.1 U 8.2 = 0.017 U 0.33 J 0.021 J 0.4 J 0.017 U 0.044 U 0.042 U 0.043 U 7.6 =
0.057 U 0.052 U 0.015 U 0.61 U 5.1 U 0.056 U 0.015 U 0.014 U 0.015 U 0.015 U 0.014 U 0.054 U 0.052 U 0.053 U 0.13 U

0.9 = 0.042 U 0.061 J 120 = 4500 = 480 = 0.026 U 2 = 0.027 U 0.027 U 0.025 U 1.9 = 1.3 = 2.3 = 0.64 J
0.046 U 0.042 U 0.021 U 0.82 U 4.1 U 0.045 U 0.02 U 0.019 U 0.021 U 0.02 U 0.019 U 0.044 U 0.042 U 0.043 U 0.18 U
0.21 U 0.23 J 0.066 U 2.6 U 19 U 0.21 U 0.062 U 0.062 U 0.065 U 0.065 U 0.06 U 0.2 U 0.19 U 0.2 U 0.56 U
0.05 U 0.045 U 0.021 U 0.82 U 4.5 U 0.049 U 0.02 U 0.019 U 0.021 U 0.02 U 0.019 U 0.047 U 0.045 U 0.046 U 0.18 U
0.057 UJ 0.052 UJ 0.063 U 2.5 U 5.1 UJ 0.056 UJ 0.06 U 0.059 U 0.063 U 0.063 U 0.058 U 0.054 UJ 0.052 UJ 0.053 UJ 0.54 U
0.079 UJ 0.072 UJ 0.017 U 0.66 U 7.1 UJ 0.077 UJ 0.016 U 0.016 U 0.017 U 0.017 U 0.015 U 0.075 UJ 0.072 UJ 0.073 UJ 0.14 U
0.046 U 0.042 U 0.063 U 2.5 U 4.1 U 0.045 U 0.06 U 0.059 U 0.063 U 0.063 U 0.058 U 0.044 U 0.042 U 0.043 U 0.54 U
0.057 U 0.052 U 0.3 J 150 = 370 = 85 = 0.028 U 0.91 = 0.03 U 0.055 J 0.027 U 0.054 U 0.052 U 0.053 U 22 =
0.046 U 0.042 U 0.024 U 1 J 4.1 U 1.5 = 0.023 U 0.023 U 0.024 U 0.024 U 0.022 U 0.044 U 0.042 U 0.043 U 0.21 U
0.058 J 0.053 U 0.53 = 110 = 58 = 31 = 0.022 J 0.9 = 0.021 U 0.44 = 0.019 U 0.056 U 0.054 U 0.2 J 22 =

30000 = 18000 = 49000 = 18000 = 23000 = 32000 = 26000 = 34000 = 5500 = 28000 = 28000 = 19000 = 30000 = 7700 =
1.3 J 2.8 UB 5.1 J 18 UJ 4.4 J 3 U 2.3 UJ 2.6 UJ 4.6 J 3 J 2.8 UB 2.6 UB 7.7 J 4.3 J
16 = 15 = 9.3 J 9 J 29 = 7.5 J 17 = 10 = 31 = 18 = 17 = 18 = 19 = 45 =

160 = 54 = 250 = 75 = 90 = 150 = 110 = 69 = 120 = 39 = 67 = 120 = 55 = 110 =
2.7 J 1.7 J 2.5 J 0.74 J 3 J 1.3 J 2.6 J 2.2 J 1.1 J 1.1 J 1.8 J 1.8 J 1.5 J 0.97 J
0.24 J 0.46 U 0.58 U 0.97 J 0.56 J 0.59 U 0.45 U 0.51 U 0.54 J 0.39 U 0.55 U 0.45 U 0.59 U 1.6 J
5100 = 3100 = 3600 = 15000 = 21000 = 3800 = 13000 = 5200 = 13000 = 1700 = 5200 = 1500 = 3200 = 37000 =

47 = 87 = 63 = 21 = 130 = 58 = 60 = 45 = 7.8 J 86 = 55 = 110 = 89 = 18 =
20 = 19 = 17 = 7.6 J 21 = 7.2 J 11 = 7 J 4.7 J 12 = 13 = 31 = 9.5 J 6.9 J
13 J 8.6 J 12 J 30 = 12 J 7.3 J 12 J 22 = 27 = 9.3 J 6.1 J 11 J 19 J 46 =

54000 = 62000 = 41000 = 24000 = 87000 = 36000 = 41000 = 38000 = 33000 = 47000 = 51000 = 49000 = 74000 = 60000 =
32 = 22 = 35 = 56 = 57 = 12 = 67 = 17 = 61 = 16 = 17 = 48 = 16 = 150 =

1600 = 760 = 3000 = 2100 = 1300 = 1700 = 3400 = 2600 = 1800 = 1300 = 1500 = 700 = 940 = 7500 =
2400 = 1100 = 900 = 430 = 1900 = 920 = 1300 = 270 = 400 = 460 = 610 = 2900 = 500 = 780 =
0.03 = 0.07 = 0.05 = 0.35 = 0.06 = 0.11 = 0.07 = 0.09 = 0.13 = 0.12 = 0.06 = 0.04 = 0.09 = 0.01 U
26 J 14 J 24 J 10 J 19 J 17 J 23 J 25 J 11 J 15 J 18 J 13 J 14 J 22 J

1700 = 870 J 2200 J 1100 J 1500 = 1500 = 2800 J 3000 J 890 J 1200 J 1100 = 830 J 630 J 1200 J
0.78 J 2.2 U 2.8 U 2.6 J 4 J 3.4 J 2.2 U 2.4 U 2.6 U 1.9 U 2.7 U 2.2 U 2.9 U 2.4 U
2.5 U 1.9 U 2.4 U 2 U 1.8 U 2.5 U 1.9 U 2.1 U 2.2 U 1.7 U 2.3 U 1.9 U 2.5 U 2.1 U
120 J 350 U 690 J 360 U 1400 J 450 U 350 U 390 U 410 U 300 U 420 U 340 U 450 U 380 U
2.9 U 2.3 U 2.8 U 2.3 U 2.1 U 2.9 U 2.2 U 2.5 U 2.6 U 1.9 U 2.9 J 2.2 U 2.9 U 2.5 U
3.7 U 2.9 U 3.6 U 3 J 2.7 U 3.7 U 2.9 U 3.2 U 3.4 U 2.5 U 3.5 U 2.8 U 3.7 U 3.1 U
56 = 81 = 63 J 31 J 130 = 49 = 54 J 43 J 27 J 70 J 60 = 68 = 110 = 11 J
31 = 31 = 44 J 130 J 40 = 22 J 28 J 59 J 64 J 31 J 110 = 27 = 34 = 450 J

results are in mg/kg or ppm
U = qualifier code for nondetected result
J = qualifier code for estimated result
BOLD font indicates a detected chemical concentration.
Red Highlighted and bolded font exceeds Preliminary Cleanup Standard (PCS)
Yellow Highlighted and bolded font exceeds Groundwater Protection Standard Soil Screening Levels (GWPS SSL)

Page 4 of 6



Table A.1. Chemicals of Potential Concern (COPCs) - Soil 0.5 - 15 ft Depths
SMA 3 - Soil Analytical Data, Chemicals Detected at Least once, units mg/kg
Bluestone Coke, Birmingham, Alabama

Chemical Name
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2,4-Trichlorobenzene
1,2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2-Butanone (MEK)
2-Hexanone
4-Methyl-2-pentanone (MIBK)
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
Dibromochloromethane
Ethylbenzene
m- and p-Xylenes
Methylene chloride
o-Xylene
Styrene
Tetrachloroethene
Toluene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene
Trichloroethene
Vinyl chloride
Xylenes

1-Methylnaphthalene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chlorophenol
2-Methyl-4,6-dinitrophenol
2-Methylnaphthalene
2-Methylphenol (o-cresol)
2-Nitroaniline
2-Nitrophenol
2-sec-Butyl-4,6-dinitrophenol
3 & 4 Methylphenol
3,3'-Dichlorobenzidine
4-Bromophenyl phenyl ether
4-Chloro-3-methylphenol
4-Chlorophenyl phenyl ether
4-Methylphenol (p-cresol)
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Anthracene

0.00098 U 0.0012 U 0.0012 UJ 0.0015 UJ 0.27 U 1.1 U 0.3 U 0.32 U 2
0.00089 U 0.0011 U 0.0014 UJ 0.0017 U 0.24 U 0.96 U 0.27 U 0.29 U 0.001
0.00078 U 0.00097 U 0.00096 U 0.0012 U 0.21 U 0.84 U 0.24 U 0.26 U 0.054
0.00035 U 0.00043 U 0.0008 U 0.00097 U 0.095 U 0.37 U 0.11 U 0.11 U 0.02
0.0012 U 0.0015 U 0.001 U 0.0013 U 0.34 U 1.3 U 0.38 U 0.41 U 0.066
0.063 U 0.017 U 0.049 U 0.053 U 0.027 U 0.46 U 1.5 U 1.7 U 5.3

0.01
0.12 U 0.033 U 0.052 U 0.056 U 0.053 U 0.88 U 2.9 U 3.4 U NA

0.00064 U 0.00079 U 0.0016 U 0.0019 U 0.18 U 0.69 U 0.19 U 0.21 U 0.04
0.0013 U 0.0017 U 0.00096 U 0.0012 U 0.37 U 1.4 U 0.41 U 0.44 U 0.06
0.096 U 0.026 U 0.06 U 0.065 U 0.042 U 0.7 U 2.3 U 2.7 U 4,30
0.082 U 0.023 U 0.04 U 0.044 U 0.036 U 0.6 U 2 U 2.3 U 440
0.014 U 0.018 U 0.0088 UJ 0.011 U 3.9 U 15 U 4.3 U 4.7 U 31
0.0089 UJ 0.011 UJ 0.0088 UJ 0.011 UJ 2.4 UJ 9.6 UJ 2.7 UJ 2.9 UJ 10.21
0.011 U 0.013 U 0.0088 U 0.011 U 2.9 U 12 U 3.2 U 3.5 U 10
0.012 U 0.052 J 0.019 UB 0.016 J 3.2 U 12 U 3.5 U 3.8 U 92

0.00023 U 0.00029 U 0.00088 U 0.0011 U 0.51 J 5.6 = 16 = 4 = 0.11
0.00089 U 0.0011 U 0.00096 UJ 0.0012 U 0.24 U 0.96 U 0.27 U 0.29 U 0.0342
0.00098 U 0.0012 U 0.00088 UJ 0.0011 U 0.27 U 1.1 U 0.3 U 0.32 U 0.07
0.0021 U 0.0026 U 0.0029 U 0.0035 U 0.58 U 2.3 U 0.65 U 0.71 U 0.066
0.00047 U 0.00058 U 0.0019 J 0.00084 J 0.13 U 0.51 U 0.14 U 0.16 U 5.2
0.00035 U 0.00043 U 0.0011 U 0.0014 U 0.095 U 0.37 U 0.11 U 0.11 U 0.05
0.0005 U 0.00062 U 0.00088 UJ 0.0011 UJ 0.14 U 0.54 U 0.15 U 0.16 U 3.1
0.00065 U 0.0008 U 0.0012 UJ 0.0015 UJ 0.18 U 0.7 U 0.2 U 0.21 U NA
0.0004 U 0.0005 U 0.00066 U 0.0008 U 0.11 U 0.43 U 0.12 U 0.13 U 0.0015
0.00023 U 0.00029 U 0.0018 U 0.0022 U 0.063 U 0.25 U 0.07 U 0.076 U 0.011
0.00053 U 0.00065 U 0.00077 U 0.00093 U 0.14 U 0.57 U 0.16 U 0.17 U 0.61
0.00061 U 0.00075 U 0.0008 U 0.00097 U 0.17 U 0.65 U 0.18 U 0.2 U 0.01
0.00068 U 0.00084 U 0.00096 U 0.0012 U 0.19 U 0.73 U 0.21 U 0.22 U 0.01
0.00028 U 0.00034 U 0.0014 UJ 0.0018 U 0.076 U 0.6 J 6.9 = 3.3 = 40

0.00059 UJ 0.0011 UB 490
0.00089 U 0.0011 U 0.0013 U 0.0016 U 0.24 U 0.96 U 0.27 U 0.29 U 0.033

0.00077 J 0.00058 U 490
0.00037 U 0.00046 U 0.00049 UJ 0.00059 UJ 0.1 U 0.4 U 0.11 U 0.12 U 5.6
0.00056 U 0.00069 U 0.00072 UJ 0.00088 UJ 0.15 U 0.6 U 0.17 U 0.19 U 0.08
0.00053 U 0.00066 U 0.0051 = 0.00097 U 0.15 U 4.1 J 6.3 = 6.6 = 31
0.0004 UJ 0.0005 UJ 0.00079 U 0.00096 U 0.11 UJ 0.43 UJ 0.12 UJ 0.13 UJ 0.91
0.0012 U 0.0014 U 0.00078 U 0.00094 U 0.32 U 1.2 U 0.35 U 0.38 U 0.01
0.00077 U 0.00095 U 0.00072 U 0.00088 U 0.21 U 0.82 U 0.23 U 0.25 U 0.058
0.00053 UJ 0.00066 UJ 0.0013 U 0.0016 U 0.15 UJ 0.58 UJ 0.16 UJ 0.18 UJ 0.017
0.00063 U 0.00078 U 0.0029 J 0.0015 UB 0.35 J 2.1 J 5.9 = 3.8 = 490

0.27 J 0.057 U 0.042 U 0.045 U 0.09 U 3.5 J 18 J 23 J 0.71
0.29 U 0.079 U 0.056 U 0.06 U 0.13 U 2.1 U 6.9 U 8.1 U 455

0.077 U 0.021 U 0.045 U 0.049 U 0.034 U 0.56 U 1.8 U 2.1 U 0.7
0.11 U 0.029 U 0.042 U 0.045 U 0.046 U 0.77 U 2.5 U 3 U 8.4

0.067 U 0.019 U 0.044 U 0.048 U 0.029 U 0.49 U 1.6 U 1.9 U 55
0.82 U 0.23 U 0.05 UJ 0.054 UJ 0.36 U 6 U 20 U 23 U 3

0.077 U 0.021 U 0.042 U 0.045 U 0.034 U 0.56 U 1.8 U 2.1 U 1.5
0.077 U 0.021 U 0.051 U 0.055 U 0.034 U 0.56 U 1.8 U 2.1 U 1.5
0.082 U 0.023 U 0.049 U 0.053 U 0.036 U 0.6 U 2 U 2.3 U 8.7
0.82 U 0.23 U 0.09 U 0.098 U 0.36 U 6 U 20 U 23 U 0.08
0.28 J 0.015 U 0.042 U 0.045 U 0.023 U 9 J 43 = 59 = 45

0.091 U 0.025 U 0.047 U 0.051 U 0.04 U 0.67 U 2.2 U 2.6 U NA
0.043 U 0.012 U 0.052 U 0.056 U 0.019 U 0.31 U 1 U 1.2 U NA
0.11 U 0.029 U 0.042 U 0.045 U 0.046 U 0.77 U 2.5 U 3 U NA
0.12 U 0.033 U 0.054 U 0.059 U 0.053 U 0.88 U 2.9 U 3.4 U NA
0.11 U 0.03 U 0.049 U 0.053 U 0.048 U 0.81 U 2.7 U 3.1 U 8.6

0.063 U 0.017 U 0.081 UJ 0.088 UJ 0.027 U 0.46 U 1.5 U 1.7 U NA
0.087 U 0.024 U 0.049 U 0.053 U 0.038 U 0.63 U 2.1 U 2.4 U 0.003
0.14 U 0.04 U 0.047 U 0.051 U 0.063 U 1.1 U 3.5 U 4 U 2.8

0.067 U 0.019 U 0.044 U 0.048 U 0.029 U 0.49 U 1.6 U 1.9 U 0.003
8.6

0.11 U 0.03 U 0.068 U 0.074 U 0.048 U 0.81 U 2.7 U 3.1 U NA
1 U 0.28 U 0.089 U 0.096 U 0.44 U 7.4 U 24 U 28 U NA

0.87 J 0.033 U 0.042 U 0.045 U 0.053 U 0.88 U 12 J 19 J 1,400
0.21 U 0.057 U 0.045 U 0.049 U 0.09 U 1.5 U 5 U 5.8 U NA

2 = 0.029 U 0.057 U 0.061 U 0.046 U 0.77 U 9.1 J 13 J 23,000

(3'-5' bgs)
CO-TG83-SB PCS GWP SSLCO-TG101

(7'-9' bgs)  (3'-5' bgs)  (7'-9' bgs)  (13'-15' bgs)  (3'-5' bgs)  (0.5'-2.5' bgs)  (2.5'-4.5' bgs)
CO-TG83-SB CO-TG086 CO-TG086 CO-TG100-SB CO-TG100-SB CO-TG101
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Table A.1. Chemicals of Potential Concern (COPCs) - Soil 0.5 - 15 ft Depths
SMA 3 - Soil Analytical Data, Chemicals Detected at Least once, units mg/kg
Bluestone Coke, Birmingham, Alabama

Chemical Name
Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)ether
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Carbazole
Chrysene
Dibenzo(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethylphthalate
Di-n-butylphthalate
Di-n-octylphthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
Naphthalene
Nitrobenzene
N-Nitrosodimethylamine
N-Nitroso-di-n-propylamine
N-Nitrosodiphenylamine
p-Chloroaniline
Pentachlorophenol
Phenanthrene
Phenol
Pyrene

Aluminum, Total
Antimony, Total
Arsenic, Total
Barium, Total
Beryllium, Total
Cadmium, Total
Calcium, Total
Chromium, Total
Cobalt, Total
Copper, Total
Iron, Total
Lead, Total
Magnesium, Total
Manganese, Total
Mercury, Total
Nickel, Total
Potassium, Total
Selenium, Total
Silver, Total
Sodium, Total
Thallium, Total
Tin, Total
Vanadium, Total
Zinc, Total
Cyanide, Total

(3'-5' bgs)
CO-TG83-SB PCS GWP SSLCO-TG101

(7'-9' bgs)  (3'-5' bgs)  (7'-9' bgs)  (13'-15' bgs)  (3'-5' bgs)  (0.5'-2.5' bgs)  (2.5'-4.5' bgs)
CO-TG83-SB CO-TG086 CO-TG086 CO-TG100-SB CO-TG100-SB CO-TG101

0.25 UJ 0.28 UJ 0.000026
5.4 = 0.13 J 0.044 U 0.048 U 0.025 U 0.42 U 6.9 J 9.1 J 1
4.2 = 0.086 J 0.042 U 0.045 U 0.02 U 0.34 U 3.8 J 4.6 J 16
5.5 = 0.09 J 0.059 U 0.064 U 0.032 J 0.2 U 4.9 J 6.4 J 2
3.5 = 0.057 J 0.045 U 0.049 U 0.036 U 0.6 U 2.3 J 2.7 J NA
2.2 = 0.061 J 0.042 U 0.045 U 0.044 U 0.74 U 2.8 J 3 J 23
0.11 U 0.03 U 0.045 U 0.049 U 0.048 U 0.81 U 2.7 U 3.1 U 0.47
0.12 U 0.033 U 0.049 U 0.053 U 0.053 U 0.88 U 2.9 U 3.4 U 0.0001

0.069 U 0.075 U NA
0.053 U 0.027 J 0.043 U 0.046 U 0.023 UB 0.39 U 1.3 U 1.5 U 100
0.063 U 0.017 U 0.057 U 0.061 U 0.027 U 0.46 U 1.5 U 1.7 U 0.15
0.87 J 0.021 U 0.043 U 0.046 U 0.034 U 0.56 U 1.8 U 2.1 U 0.1

5 = 0.11 J 0.04 U 0.044 U 0.044 U 0.74 U 6.9 J 9 J 69
0.98 J 0.031 J 0.04 U 0.044 U 0.025 U 0.42 U 1.4 U 1.6 U 1
0.49 J 0.015 U 0.058 U 0.063 U 0.023 U 0.39 U 5.8 J 8.9 J NA

0.067 U 0.019 U 0.045 U 0.049 U 0.029 U 0.49 U 1.6 U 1.9 U 480
0.087 U 0.024 U 0.047 U 0.051 U 0.038 U 0.63 U 2.1 U 2.4 U NA
0.36 U 0.099 U 0.049 U 0.053 U 0.16 U 2.6 U 8.6 U 10 U 560

0.063 U 0.017 U 0.039 U 0.043 U 0.027 U 0.46 U 1.5 U 1.7 U 560
11 = 0.18 J 0.098 J 0.059 U 0.12 J 0.67 U 22 J 29 J 11,000
1.1 J 0.032 U 0.056 U 0.06 U 0.051 U 11 J 14 J 18 J 1,700
0.12 U 0.033 U 0.052 U 0.056 U 0.053 U 0.88 U 2.9 U 3.4 U 0.34
0.1 U 0.028 U 0.039 U 0.043 U 0.044 U 0.74 U 2.4 U 2.8 U 0.09

0.077 U 0.021 U 0.035 UJ 0.038 UJ 0.034 U 0.56 U 1.8 U 2.1 U 8.66
0.096 U 0.026 U 0.044 U 0.048 U 0.042 U 0.7 U 2.3 U 2.7 U 0.13

3 = 0.05 J 0.042 U 0.045 U 0.029 U 0.49 U 2.7 J 3 J 8
0.058 U 0.016 U 0.052 U 0.056 U 0.025 U 0.42 U 1.4 U 1.6 U 1
0.73 J 0.028 U 0.042 U 0.045 U 0.064 J 98 = 250 = 300 = 872 0.026

0.077 U 0.021 U 0.042 U 0.045 U 0.034 U 0.56 U 1.8 U 2.1 U 0.08
0.25 U 0.068 U 0.19 U 0.21 U 0.11 U 1.8 U 5.9 U 6.8 U 8.7

0.077 U 0.021 U 0.045 U 0.049 U 0.034 U 0.56 U 1.8 U 2.1 U 0.0005
0.24 U 0.065 U 0.052 UJ 0.056 UJ 0.1 U 1.7 U 5.6 U 6.6 U 0.000003

0.063 U 0.017 U 0.072 UJ 0.078 UJ 0.027 U 0.46 U 1.5 U 1.7 U NA
0.24 U 0.065 U 0.042 U 0.045 U 0.1 U 1.7 U 5.6 U 6.6 U 0.19
9.2 = 0.03 J 0.052 U 0.056 U 0.048 U 0.81 U 44 = 59 = NA

0.091 U 0.025 U 0.042 U 0.045 U 0.04 U 0.67 U 2.2 U 2.6 U 339.65
8.4 = 0.13 J 0.053 J 0.058 U 0.15 J 0.56 U 14 J 20 J 7,700

24000 = 31000 = 15000 = 37000 = 17000 = 3300 = 19000 = 19000 = 1,000,000
7.7 J 3.9 J 4.6 J 3 U 4.1 UJ 3.2 UJ 2.3 UJ 4.1 J 5.4
27 = 19 = 26 = 19 = 10 J 15 = 11 = 5.9 U 6

130 = 160 = 43 = 88 = 150 = 79 = 250 = 290 = 1,800
3.8 = 2.8 J 1.4 J 8.7 = 1.9 J 0.32 J 3.4 J 3.7 J 700
2.9 J 0.71 J 0.45 U 0.58 U 1.5 J 0.63 U 0.45 U 0.63 U 40

7500 = 160000 = 1400 = 4900 = 3400 = 6000 = 110000 = 43000 = NA
56 = 87 = 86 = 42 = 34 = 5.5 J 11 = 9.4 J 36
25 = 16 = 23 = 110 = 8.6 J 1.6 J 4.6 J 2.9 J NA
26 = 20 J 6.3 J 15 J 49 = 140 = 34 = 36 = 920

60000 = 63000 = 68000 = 48000 = 10000 = 3900 = 13000 = 9300 = 13,000
64 = 70 = 30 = 170 = 17 = 190 = 340 = 550 = 550

2500 = 3600 = 470 = 2100 = 1400 = 560 J 26000 = 6200 = NA
1000 = 3500 = 870 = 1000 = 76 = 36 = 1000 = 520 = 1,100
0.32 = 0.07 = 0.018 = 0.03 = 0.08 = 0.32 = 0.01 U 0.01 U 6
19 J 17 J 14 J 45 = 22 J 5.3 J 9.5 J 9.8 J 4,000

1500 J 1800 J 560 J 2300 = 540 J 890 J 2900 J 2400 J NA
6.1 J 2.4 U 2.2 U 2.8 U 4.3 J 5.7 J 2.2 U 3.4 J 3.5
2 U 2.1 U 1.9 U 2.4 U 3.4 U 2.6 U 1.9 U 2.7 U 110

370 U 390 U 350 U 440 U 2200 J 480 U 480 J 480 U NA
2.4 U 5.6 J 2.2 U 2.8 U 3.9 U 3.1 U 2.2 U 3.1 U 3.3
8.9 J 3.2 U 2.9 U 3.7 U 5.1 U 4.1 J 2.9 U 4 U 88,000
76 J 87 J 94 = 48 = 44 J 7.9 J 16 J 15 J 5,200
100 J 69 J 20 = 50 = 170 J 72 J 76 J 44 J 28,640

40
results are in mg/kg or ppm
U = qualifier code for nondetected result
J = qualifier code for estimated result
BOLD font indicates a detected chemical concentration.
Red Highlighted and bolded font exceeds Preliminary Cleanup Standard (PCS)
Yellow Highlighted and bolded font exceeds Groundwater Protection Standard Soil Screening Levels (GWPS SSL)
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Table 2.  Chemicals of Potential Concern (COPCs) - Groundwater
SMA-3 - Groundwater Analytical Data, Chemicals Detected at Least Once, units ug/L
Bluestone Coke Facility, Birmingham, Alabama

MW 74

Date Sampled
1,2,4-Trichlorobenzene 10 U 0.48 U 1.0 U 0.19 U 0.19 U 1.0 U 0.48 U 1.0 U 10 U 0.48 U 0.21 U 0.48 U 1.0 U 0.48 U 0.48 U 0.48 U 280 = 0.19 U 41 = 1.0 U 0.48 U 0.21 U 0.48 U 0.48 U
1,2-Dichloroethane 1 U 0.72 U 1.0 U 0.28 U 0.28 U 1.0 U 0.36 U 1.0 U 5 U 0.36 U 0.13 U 0.36 U 1.0 U 0.36 U 0.13 U 72 U 0.52 U 0.28 U 0.28 U 1.0 U 0.36 U 0.13 U 0.36 U 0.36 U
1,4-Dichlorobenzene 10 U 0.44 U 1.0 U 0.44 U 0.44 U 1.0 U 0.44 U 1.0 U 10 U 0.44 U 0.16 U 0.44 U 1.0 U 0.44 U 0.16 U 0.44 U 0.64 U 0.44 U 7.8 = 8.1 = 0.44 U 0.16 U 0.44 U 0.44 U
Acetone 17 J 10 U 21 J 8.4 J 10 U 43 = 10 U 50 U 6.1 U 1.9 U 18 J 10 U 14 J 1.9 U 1200 U 7.6 U 15 J 1.8 U 10 U 6.1 U 1.9 U 6.1 U 6.1 U
Benzene 99 = 450 = 150 = 3600 = 0.18 U 1.0 U 0.39 U 1.0 U 5 U 0.39 U 0.16 U 44 = 60 = 0.84 J 0.16 U 78000 = 0.64 U 8.3 = 11 = 1.0 U 0.39 U 0.16 U 0.39 U 0.39 U
Bromodichloromethane 0.84 U 1.0 U 0.18 U 0.18 U 1.0 U 0.58 J 1.0 U 5 U 0.42 U 0.42 U 1.0 U 0.42 U 84 U 0.18 U 0.18 U 1.0 U 0.42 U 0.42 U 0.42 U
Carbon disulfide 1.4 U 2.0 U 0.46 J 0.13 U 2.0 U 0.7 U 2.0 U 5 U 0.7 U 0.45 U 0.7 U 2.0 U 0.81 J 0.45 U 140 U 1.8 U 0.13 U 0.3 J 2.0 U 0.7 U 0.45 U 0.7 U 0.7 U
Chlorobenzene 0.95 J 0.86 U 1.0 U 0.39 J 2.6 = 1.0 U 0.43 U 1.0 U 5 U 0.43 U 0.17 U 0.43 U 1.0 U 3.5 = 0.17 U 590 = 4.8 = 0.18 U 300 = 1.0 U 0.43 U 0.17 U 0.43 U 0.43 U
Chloroform 0.6 U 1.0 U 0.09 U 0.09 U 1.0 U 1.7 = 1.0 U 18 = 0.3 U 0.16 U 0.64 J 1.0 U 0.3 U 0.16 U 60 U 0.64 U 0.09 U 0.09 U 1.0 U 0.3 U 0.16 U 0.3 U 0.3 U
Chloromethane 0.86 U 2.0 U 0.26 U 0.26 U 2.0 U 0.43 U 2.0 U 10 U 0.43 U 0.30 U 0.43 U 2.0 U 0.43 U 0.3 U 86 U 1.2 U 0.26 U 0.26 U 2.0 U 0.43 U 0.3 U 0.63 J 0.43 U
cis-1,2-Dichloroethene 1 U 0.7 U 1.0 U 0.17 U 0.17 U 1.0 U 0.35 U 1.0 U 0.35 U 0.15 U 0.35 U 1.0 U 0.35 U 0.15 U 70 U 0.6 U 0.17 U 0.66 J 0.15 J 0.35 U 0.15 U 0.35 U 0.35 U
Cyclohexane 1.6 J 0.7 J 0.16 U 2.0 U 2.0 U 2.0 U U 11 = 1 = 0.66 J 2.0 U
Ethylbenzene 100 = 35 = 15 = 99 = 0.16 U 1.0 U 0.31 U 1.0 U 5 U 0.31 U 0.16 U 2.6 = 1.8 J 0.51 J 0.16 U 62 U 0.64 U 13 = 80 = 1.0 U 0.31 U 0.16 U 0.31 U 0.31 U
Isopropylbenzene 1.4 J 8.8 = 0.13 U 1.0 U 1.0 U 0.19 U 1.0 U 0.19 U 67 J 4.8 = 8.1 = 1.0 U 0.19 U
m- and p-Xylenes 17 = 6.1 J 150 = 0.22 U 2.0 U 0.7 U 2.0 U 0.7 U 0.34 U 8.7 = 5.4 = 2.5 = 0.34 U 140 U 1.4 U 19 = 100 = 2.0 U 0.7 U 0.34 U 0.7 U 0.7 U
Methyl acetate 2.0 0.23 U 0.23 U 5.0 U 5.0 U 5.0 U U 2.4 J 0.23 U 5.0 U
Methylcyclohexane 1.9 J 0.46 J 0.12 U 1.0 U 1.0 U 0.36 U 1.0 U 0.36 U 11 = 0.85 J 0.4 J 1.0 U 0.36 U
o-Xylene 8.4 = 0.99 J 52 = 0.14 U 1.0 U 0.32 U 1.0 U 0.32 U 0.19 U 5.8 = 3.8 = 1.6 = 0.19 U 64 U 0.76 U 22 = 38 = 1.0 U 0.32 U 0.19 U 0.32 U 0.32 U
Styrene 0.82 U 1.0 U 0.18 U 0.18 U 1.0 U 0.41 U 1.0 U 5 U 0.41 U 0.17 U 1.5 = 1.2 J 0.41 U 0.17 U 82 U 0.68 U 0.18 U 0.18 U 1.0 U 0.41 U 0.17 U 0.41 U 0.41 U
Tetrachloroethene 1 U 1.3 U 1.0 U 0.62 J 0.28 U 1.0 U 0.64 U 1.0 U 5 U 0.64 U 0.20 U 0.64 U 0.4 U 0.64 U 0.2 U 130 U 0.8 U 0.28 U 0.52 J 1.0 U 0.64 U 0.20 U 0.64 U 0.64 U
Toluene 37 = 1.4 J 1.0 U 9.4 = 0.22 J 1.0 U 0.38 U 1.0 U 2 U 0.38 U 0.17 U 7.6 = 6.6 = 1.3 = 0.17 U 16000 = 0.68 U 1.8 = 3.2 = 1.0 U 0.38 U 0.17 U 0.38 U 0.38 U
Trichloroethene 1 U 1.2 U 1.0 U 0.23 J 0.06 U 1.0 U 0.58 U 1.0 U 2 U 0.58 U 0.16 U 0.58 U 0.32 U 0.58 U 0.16 U 120 U 0.64 U 0.06 U 0.18 J 1.0 U 0.58 U 0.16 U 0.58 U 0.58 U
Xylenes 210 = 25 = 2.98 J 180 = 0.36 U 2.0 U 0.96 U 2.0 U 5 U 0.96 U 0.53 U 15 = 9.2 = 4.1 = 0.53 U 190 U 2.16 U 41 = 140 = 2.0 U 0.96 U 0.53 U 0.96 U 0.96 U

U
1-Methylnaphthalene 380 = 22 = 190 = 0.12 U 0.12 U 0.12 U 24 = 0.12 U U 6.7 = 140 = 71 = 0.12 U 0.12 U 0.12 U
2,4-Dimethylphenol 15 = 3 J 95 U 140 = 0.44 U 0.44 U 0.5 U 10 U 0.44 U 0.56 U 13 = 34 J 0.44 U 0.55 U 0.44 U 0.56 U 0.44 U 0.44 U 0.44 U 0.55 U 0.44 U 0.44 U
2-Methylnaphthalene 540 = 7.9 = 15 J 320 = 0.12 U 0.12 U 0.004 U 10 U 0.12 U 0.011 J 26 = 69 = 0.12 U 0.27 U 9.1 = 0.3 J 63 = 3.3 J 0.13 = 0.12 U 0.27 U 0.12 U 0.12 U
2-Methylphenol (o-cresol) 17 = 1.5 U 9.5 U 3.2 J 1.5 U 1.5 U 0.9 U 10 U 1.5 U 0.94 U 21 = 50 = 1.5 U 0.92 U 5.5 = 0.94 U 1.5 U 1.5 U 38 U 1.5 U 0.93 U 1.5 U 1.5 U
3 & 4 Methylphenol 10 U 1.2 J 95 U 2.2 J 1.4 J 0.52 U 0.52 U 0.24 U 2.3 J 0.95 U 0.52 U 0.24 U 4.5 = 0.24 U 0.52 U 0.52 U 38 U 0.52 U 0.24 U 0.52 U 0.52 U
Acenaphthene 93 = 12 = 8.7 J 57 J 0.05 U 0.12 = 0.05 U 0.018 U 10 U 0.81 = 2.3 = 6.8 = 15 = 0.05 U 0.26 U 9.6 = 15 = 68 = 79 = 48 = 0.05 U 0.27 U 0.05 U 0.05 U
Acenaphthylene 10 U 0.68 = 0.49 = 0.72 = 0.06 U 0.019 J 0.06 U 0.009 U 10 U 0.09 J 0.076 J 30 = 53 = 0.06 U 0.016 = 0.06 U 0.095 J 2 J 16 = 3.6 = 0.06 U 0.46 U 0.06 U 0.06 U
Anthracene 10 U 0.43 = 0.3 = 3.8 J 0.09 J 0.019 J 0.07 U 0.013 U 10 U 0.07 U 0.037 J 0.36 = 0.61 = 0.07 U 0.4 U 0.54 = 0.4 U 7.7 = 14 = 1.4 = 0.07 U 0.4 U 0.07 U 0.07 U
Benzo(a)anthracene 10 U 0.06 U 0.049 J 0.06 U 0.06 U 0.022 J 0.06 U 0.003 U 10 U 0.06 U 0.34 U 0.06 U 0.15 = 0.06 U 0.33 U 0.06 U 0.34 U 0.23 = 0.67 = 7.1 = 0.06 U 0.33 U 0.06 U 0.06 U
Benzo(a)pyrene 0.2 U 0.08 U 0.044 J 0.08 U 0.08 U 0.017 J 0.08 UJ 0.004 U 10 U 0.08 U 0.3 U 0.08 U 0.09 J 0.08 U 0.29 U 0.08 U 0.095 U 0.08 U 0.28 = 5.5 = 0.08 U 0.29 U 0.08 UJ 0.08 U
Benzo(b)fluoranthene 10 U 0.05 U 0.058 J 0.05 U 0.05 U 0.02 J 0.05 U 0.003 U 10 U 0.05 U 0.0078 J 0.05 U 0.15 = 0.05 U 0.5 U 0.05 U 0.095 U 0.05 U 0.36 = 4.6 = 0.05 U 0.5 U 0.05 U 0.05 U
Benzo(k)fluoranthene 10 U 0.06 U 0.021 J 0.06 U 0.06 U 0.095 U 0.06 U 0.004 U 10 U 0.06 U 0.44 U 0.06 U 0.049 J 0.06 U 0.43 U 0.06 U 0.095 U 0.06 U 0.2 J 3.5 = 0.06 U 0.44 U 0.06 U 0.06 U
Bis(2-ethylhexyl)phthalate 10 U 1.3 U 16 = 1.3 U 1.3 U 9.6 U 3.6 J 0.5 U 15 = 1.3 U 0.54 U 1.3 U 2.1 U 1.3 U 0.53 U 1.3 U 0.54 U 1.3 U 1.3 U 38 U 1.3 U 0.53 U 1.3 U 1.3 U
Carbazole 510 = 31 = 56 = 220 = 1.5 U 3.9 U 1.5 U 0.4 U 1.5 U 0.41 U 4.4 = 14 J 1.5 U 0.41 U 1.5 U 0.41 U 1.5 U 77 = 1.8 J 1.5 U 0.41 U 1.5 U 1.5 U
Chrysene 10 U 0.07 U 0.051 J 0.07 U 0.07 U 3.9 U 0.07 U 0.5 U 10 U 0.07 U 0.52 U 0.07 U 0.17 = 0.07 U 0.51 U 0.07 U 0.52 U 0.35 = 0.56 = 4.0 = 0.07 U 0.51 U 0.07 U 0.07 U
Dibenz(a,h)anthracene 0.008 = 0.004 U 0.004 U 0.004 U 0.016 = 1.2 = 0.004 U
Dibenzofuran 130 = 6.4 = 5.9 J 34 J 0.56 U 3.9 U 0.56 U 0.2 U 10 U 0.56 U 0.28 U 7.8 = 15 = 0.56 U 0.27 U 0.56 U 0.28 U 39 = 68 = 7.1 J 0.56 U 0.27 U 0.56 U 0.56 U
Di-n-butylphthalate 10 U 0.48 U 95 U 1.5 J 0.48 U 3.9 U 0.48 U 0.3 U 10 U 0.48 U 1.1 U 0.48 U 4.4 U 0.48 U 1.1 U 0.48 U 1.1 U 0.48 U 0.48 U 15 U 0.48 U 1.1 U 0.48 U 0.48 U
Fluoranthene 10 U 0.73 = 0.51 = 2.2 J 0.18 U 0.069 J 0.18 U 0.0058 U 10 U 0.18 U 0.043 J 0.48 = 1.1 = 0.18 U 0.19 U 0.27 = 0.7 J 7.9 = 19 = 28 = 0.18 U 0.008 J 0.18 U 0.18 U
Fluorene 130 = 6.1 = 7.6 = 40 J 0.07 J 0.095 U 0.05 U 0.018 U 10 U 0.05 U 0.032 J 6.9 = 17 = 0.05 U 0.29 U 4.7 = 3.1 J 56 = 98 = 2.9 = 0.05 U 0.29 U 0.05 U 0.05 U
Indeno(1,2,3-cd)pyrene 0.034 J 0.34 J 0.014 U 0.014 U 0.065 = 0.014 U
Naphthalene 19000 = 510 = 740 = 5200 = 2.7 = 0.062 J 0.07 J 0.048 U 10 U 0.08 J 0.023 J 100 = 1700 = 0.07 U 0.27 U 31 = 0.28 U 1800 = 580 = 1.0 = 0.16 J 0.055 J 0.15 J 0.07 U
Phenanthrene 90 = 6.7 = 2.3 = 26 = 0.09 J 0.0099 J 0.05 U 0.009 U 10 U 0.05 U 0.011 J 2.4 J 7.3 J 0.05 U 0.25 U 5.1 = 0.25 U 40 = 64 = 0.96 = 0.05 U 0.014 J 0.05 U 0.05 U
Phenol 10 U 1.1 J 95 U 1.5 J 1.2 J 0.44 U 1.9 U 10 U 0.44 U 1.9 U 7.3 = 8.1 J 0.44 U 1.9 U 42 = 1.9 U 0.44 U 0.44 U 38 U 0.44 U 1.9 U 0.44 U 0.44 U
Pyrene 10 U 0.5 = 0.44 = 0.89 J 0.06 U 0.051 J 0.06 U 0.007 U 10 U 0.14 J 0.36 U 0.29 = 0.73 = 0.06 U 0.35 U 0.16 J 0.36 U 4.4 = 8.6 = 19 = 0.06 U 0.35 U 0.06 U 0.06 U

Aluminum, Total 30 J 100 = 20 J 110 J 52 J 2900 J 28 = 560 = 4500 = 4200 = 3100 = 3900 = 190 J 140 J 240 = 6200 = 20 U 94 = 160 J 20 U
Antimony, Total 8.9 U 20 U 8.9 U 8.9 UB 20 U 8.9 U 5 U 6 U 8.9 U 5.3 U 10 J 5.3 U 8.9 U 8.9 U 8.9 U 8.9 U 20 U 8.9 U 5.3 U 8.9 U 8.9 U
Arsenic, Total 3.4 U 9.5 J 3.4 UB 3.4 UB 15 U 20 = 6 U 10 U 20 = 13 = 7.4 J 9.4 J 17 = 5.7 J 20 = 3.4 U 15 U 3.4 U 6.2 U 5.4 J 3.7 J
Barium, Total 560 = 480 = 60 J 15 = 25 = 140 = 35 = 80 J 250 = 170 = 190 = 88 = 210 = 390 = 70 = 50 = 78 = 40 = 30 = 14 = 90 =
Beryllium, Total 0.06 U 1.0 U 0.11 J 0.12 J 1.0 U 0.38 J 0.11 U 4 U 0.06 U 0.19 = 0.06 U 0.12 J 0.19 J 0.06 U 0.06 J 0.15 J 0.58 J 0.06 U 0.1 U 0.13 J 0.06 U
Cadmium, Total 0.43 U 1.4 J 0.43 U 0.46 J 5.0 U 7 = 1 U 0.43 UJ 0.43 U 1 U 0.43 U 1.0 U 0.43 U 0.43 U 0.43 U 0.43 U 0.77 J 0.43 U 1 U 0.43 UB 0.43 U
Chromium, Total 2.3 U 3.3 J 2.3 U 2.7 J 1.7 J 60 = 1 U 10 UJ 2.3 U 4.4 = 3.5 J 2.4 J 4.8 J 2.3 U 2.3 U 2.3 U 16 = 2.3 U 1.6 U 7.7 J 2.3 U
Cobalt, Total 2.8 U 1.2 J 2.8 U 2.8 U 10 U 20 = 2.3 = 2.8 U 1.4 = 5.9 J 4.4 J 6.1 J 2.8 U 2.8 U 2.8 U 3.2 J 2.8 U 1 U 40 J 2.8 U
Copper, Total 3.5 U 12 J 10 J 3.5 U 2.7 J 25 = 1 U 20 U 3.5 U 1.8 U 3.5 U 2.2 J 3.5 U 3.5 U 3.5 U 3.5 U 11 J 3.5 U 1.8 U 30 = 3.5 U
Iron, Total 2400 = 7700 = 210 = 55000 = 5300 = 30000 J 8100 = 10000 = 2400 = 2300 = 5300 = 12000 = 3400 = 1300 = 9800 = 120 = U 28000 J 3000 =
Lead, Total 1.5 J 9.0 U 1.3 U 1.3 UB 9.0 U 9.4 = 3 U 15 UJ 1.9 J 3.9 = 7.6 = 5.6 J 7.4 = 1.6 J 1.3 U 1.3 UB 9.4 = 1.3 U 3.9 U 1.3 UB 1.3 UB
Manganese, Total 110 = 45 = 370 = 10000 = 1800 = 630 = 200 = 1200 = 1200 = 2700 = 360 = 960 = 550 = 190 = 2200 J 2200 = 10 J 29 = 27000 = 260 =
Nickel, Total 2.7 U 2.0 J 5 J 2.7 U 1.4 J 30 J 6 = 20 UJ 2.7 U 3.7 = 3.6 J 3.6 J 3.9 J 2.7 U 2.7 U 4.5 J 11 J 2.7 U 6.9 = 2.7 UB 2.7 U
Selenium, Total 4.1 U 15 U 4.1 U 5.2 J 15 U 4.1 U 9 U 40 U 4.1 U 9.9 U 4.1 U 9.9 U 4.1 U 4.1 U 4.1 U 4.1 U 15 U 4.1 U 9.9 U 4.1 UB 4.1 U
Thallium, Total 4.7 U 15 U 5 J 4.7 U 15 U 4.7 U 6 U 2 UJ 4.7 U 6 U 4.7 U 0.6 U 4.7 UJ 4.7 UJ 4.7 U 4.7 U 15 U 4.7 U 6 U 4.7 U 4.7 U
Tin, Total 3.1 U 3.2 J 3.7 J 20 = 3.1 UB 3.1 UB 6.0 U 3.1 U 3.1 U 3.1 U 3.1 U 3.1 U 5.1 J 3.1 U
Vanadium, Total 2.6 U 10 U 2.6 U 2.6 U 10 U 8.5 J 1 U 2.6 U 5.1 = 5.6 J 6.2 J 6.7 J 2.6 U 2.6 U 2.6 U 5.4 J 2.6 U 1 U 2.6 U 2.6 U
Zinc, Total 9.2 U 30 = 10 J 9.2 U 20 U 60 = 7 U 60 U 9.2 U 7 U 10 J 7.0 U 20 = 9.2 U 9.2 U 9.2 U 30 = 10 J 7 U 22 = 9.2 U
Cyanide, Total 30 =

results are in ug/l or ppb
U = qualifier code for nondetected result
J = qualifier code for estimated result
BOLD font indicates a detected chemical concentration.
Red Highlighted and bolded font exceeds Preliminary Cleanup Standard (PCS)
Yellow Highlighted and bolded font exceeds MCL/Tapwater RSL

5/16/081/5/16 5/1/08 8/9/16 5/1/08 8/10/16 5/7/08 5/6/08 1/6/16 4/30/08 1/5/16 5/8/084/30/084/28/05 4/30/08 1/6/16 4/30/08 5/6/08 1/6/16 5/6/08 1/5/16 6/20/01 4/30/08 1/5/16

MW 58 MW 59 MW 59 MW 60 MW 61 MW 61 MW 68D MW 68D MW 68S MW 74 MW 75 MW 75 MW 77 MW 77 MW 81 MW 81 MW 82 MW 83 MW 83 P 15 P 15 P 16B P 18
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Table 2.  Chemicals of Potential Concern (COPCs) - Groundwater
SMA-3 - Groundwater Analytical Data, Chemicals Detected at Least Once, units ug/L
Bluestone Coke Facility, Birmingham, Alabama

Date Sampled
1,2,4-Trichlorobenzene
1,2-Dichloroethane
1,4-Dichlorobenzene
Acetone
Benzene
Bromodichloromethane
Carbon disulfide
Chlorobenzene
Chloroform
Chloromethane
cis-1,2-Dichloroethene
Cyclohexane
Ethylbenzene
Isopropylbenzene
m- and p-Xylenes
Methyl acetate
Methylcyclohexane
o-Xylene
Styrene
Tetrachloroethene
Toluene
Trichloroethene
Xylenes

1-Methylnaphthalene
2,4-Dimethylphenol
2-Methylnaphthalene
2-Methylphenol (o-cresol)
3 & 4 Methylphenol
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Carbazole
Chrysene
Dibenz(a,h)anthracene
Dibenzofuran
Di-n-butylphthalate
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Phenol
Pyrene

Aluminum, Total
Antimony, Total
Arsenic, Total
Barium, Total
Beryllium, Total
Cadmium, Total
Chromium, Total
Cobalt, Total
Copper, Total
Iron, Total
Lead, Total
Manganese, Total
Nickel, Total
Selenium, Total
Thallium, Total
Tin, Total
Vanadium, Total
Zinc, Total
Cyanide, Total

P 19D
PCS

MCL/RSL VIS

1.0 U 0.48 U 0.48 U 0.48 U 1.0 U 0.48 U 1.0 U 4.9 70
1.0 U 0.36 U 0.36 U 0.51 J 1.0 U 0.36 U 1.0 U 2.5 5
1.0 U 0.44 U 0.44 U 0.44 U 1.0 U 0.44 U 1.0 U 6.2 75
10 U 6.1 U 6.1 U 29 = 10 U 6.1 U 10 U
1.0 U 0.39 U 0.39 U 1.5 = 1.0 U 0.39 U 1.0 U 7.5 5
1.0 U 0.42 U 0.42 U 1.2 = 1.0 U 0.42 U 1.0 U 1.8 80
2.0 U 0.7 U 0.7 U 0.7 U 2.0 U 0.7 U 2.0 U
1.0 U 0.43 U 0.43 U 0.43 U 1.0 U 0.43 U 1.0 U
1.0 U 0.3 U 0.3 U 4 = 1.0 U 0.3 U 1.0 U 2.9 80
2.0 U 0.43 U 0.43 U 0.43 U 2.0 U 0.43 U 2.0 U
1.0 U 0.35 U 0.35 U 0.35 U 1.0 U 0.35 U 1.0 U
0.7 J 0.7 J 2.0 U
1.0 U 0.31 U 0.31 U 0.31 U 1.0 U 0.31 U 1.0 U 23 700
1.0 U 1.0 U 1.0 U
2.0 U 0.7 U 0.7 U 0.7 U 2.0 U 0.7 U 2.0 U
5.0 U 5.0 U 5.0 U
1.0 U 1.0 U 1.0 U
1.0 U 0.32 U 0.32 U 0.49 J 1.0 U 0.32 U 1.0 U
1.0 U 0.41 U 0.41 U 0.41 U 1.0 U 0.41 U 1.0 U
1.0 U 0.64 U 0.64 U 0.64 U 1.0 U 0.64 U 1.0 U
1.0 U 0.38 U 0.38 U 0.64 J 1.0 U 0.38 U 1.0 U
1.0 U 0.58 U 0.58 U 0.58 U 1.0 U 0.58 U 1.0 U
2.0 U 0.96 U 0.96 U 0.96 U 2.0 U 0.96 U 2.0 U

U 0.12 U 0.12 U 0.12 U 0.12 U 27.6 1.1
9.5 U 0.44 U 0.44 U 0.44 U 9.6 U 0.44 U 9.5 U

0.095 U 0.12 U 0.12 U 0.12 U 0.095 U 0.12 U 0.096 U
9.5 U 1.5 U 1.5 U 1.5 U 9.6 U 1.5 U 9.5 U

U 0.52 U 0.52 U 0.52 U 9.6 U 0.52 U 9.5 U
0.095 U 0.05 U 0.05 U 0.05 U 0.095 U 0.05 U 0.096 U
0.095 U 0.06 U 0.06 U 0.07 J 0.095 U 0.06 U 0.011 J
0.095 U 0.07 U 0.22 = 0.07 U 0.095 U 0.07 U 0.096 U
0.095 U 0.06 U 0.06 U 0.14 J 0.0043 J 0.06 U 0.096 U 0.5 0.3
0.095 U 0.08 U 0.08 UJ 0.1 J 0.095 U 0.096 U 0.03 0.2
0.095 U 0.05 U 0.05 U 0.14 J 0.095 U 0.05 U 0.096 U 0.6 0.025
0.095 U 0.06 U 0.06 U 0.07 J 0.095 U 0.06 U 0.096 U 3.5 2.5
0.095 U 1.3 U 1.3 U 55 = 0.84 J 1.3 U 0.096 U 0.6 6
0.095 U 1.5 U 1.5 U 1.5 U 0.095 U 1.5 U 0.096 U
0.095 U 0.07 U 0.07 U 0.18 J 0.017 J 0.07 U 0.096 U
0.004 U 0.004 U 0.004 U 0.04 0.025
0.095 U 0.56 U 0.56 U 0.56 U 0.095 U 0.56 U 0.096 U
0.095 U 0.48 U 0.48 U 0.48 U 0.095 U 0.48 U 0.096 U

0.0051 J 0.18 U 0.28 = 0.27 = 0.014 J 0.18 U 0.006 J
0.095 U 0.05 U 0.05 U 0.07 J 0.095 U 0.05 U 0.096 U
0.014 U 0.014 U 0.014 U 0.2 0.25
0.021 J 0.07 U 0.33 = 0.19 J 0.046 J 0.28 = 0.059 J 7.5 0.12 200.4
0.095 U 0.05 U 0.56 = 0.33 = 0.025 J 0.05 U 0.096 U
9.5 U 0.44 U 0.44 U 0.44 U 9.6 U 0.44 U 9.5 U
9.5 U 0.06 U 0.15 J 0.15 J 0.011 J 0.06 U 9.5 U

100 U 140 J 180 J 250 J 4500 = 50 J 100 U
20 U 8.9 U 8.9 U 8.9 U 8.9 U 20 U
15 U 3.4 U 3.4 U 3.4 U 13 J 3.4 U 15 U 2.2 10
95 = 60 = 40 = 220 = 170 = 80 J 57 =
1.0 U 0.06 U 0.06 U 0.06 U 0.19 J 0.06 U 1.0 U
5.0 U 0.45 J 0.43 U 1 J 5.0 U 0.43 U 5.0 U
10 U 2.3 U 2.3 U 13 = 4.4 J 2.3 U 10 U 3.6 100
10 U 7.9 J 3.7 J 5.6 J 1.4 J 2.8 U 1.5 J
15 U 3.5 U 3.5 U 10 J 15 U 3.5 U 15 U

3000 = 210 = 640 = 2600 = 5700 = 80 = 44 J
9 U 1.3 UB 1.3 UB 7.5 = 9.0 U 1.3 U 9.0 U

250 = 4600 = 3600 = 90 = 1200 = 0.66 U 32 = 222 43
40 U 6.2 J 2.7 U 8.7 J 3.7 J 2.7 U 2.5 J
15 U 7.7 J 4.1 U 4.1 U 15 U 4.1 U 15 U
10 U 4.7 U 4.7 U 4.7 U 15 U 4.7 UB 15 U 0.12 2

7.8 J 3.6 J 3.1 U 3.1 U
10 U 2.6 U 2.6 U 2.6 U 5.1 J 2.6 U 10 U
20 U 9.2 U 9.2 U 90 = 20 U 9.2 U 20 U

U 1 200
results are in ug/l or ppb
U = qualifier code for nondetected result
J = qualifier code for estimated result
BOLD font indicates a detected chemical concentration.
Red Highlighted and bolded font exceeds Preliminary Cleanup Standard (PCS)
Yellow Highlighted and bolded font exceeds MCL/Tapwater RSL

1/5/161/5/16 5/15/08 5/8/08 5/16/08 1/5/16 5/8/08

P 20 P 20 P 32 P 32P 18 P 19S
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APPENDIX B
HUMAN HEALTH RISK ASSESSMENT SUMMARY TABLES



















































































































































































































































































































































































































































































































Equation DIingestion = [ CS x IR x FI x CF x EF x ED ] / [ BW x AT ]
Units mg/kg-day mg/kg mg soil/day unitless kg/mg days/year years kg days
CARCINOGENIC EFFECTS
Benzene 1.79E-08 = [ 2.93E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
m- and p-Xylenes 1.13E-06 = [ 1.85E+02 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Tetrachloroethene 3.33E-09 = [ 5.45E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
1-Methylnaphthalene 1.24E-06 = [ 2.03E+02 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
1,2,4-Trichlorobenzene 6.73E-08 = [ 1.10E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
2,4-Dimethylphenol 2.21E-08 = [ 3.61E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
2-Methylnaphthalene 3.99E-06 = [ 6.52E+02 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
2-Methylphenol (o-cresol) 2.08E-08 = [ 3.40E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Acenaphthylene 9.31E-08 = [ 1.52E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Anthracene 1.12E-07 = [ 1.83E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Benzo(a)anthracene 1.18E-07 = [ 1.93E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Benzo(a)pyrene 8.29E-08 = [ 1.36E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Benzo(b)fluoranthene 1.09E-07 = [ 1.78E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Benzo(g,h,i)perylene 4.57E-08 = [ 7.47E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Benzo(k)fluoranthene 4.47E-08 = [ 7.31E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Benzyl butyl phthalate 2.87E-09 = [ 4.70E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Carbazole 1.74E-07 = [ 2.85E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Chrysene 1.03E-07 = [ 1.69E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Dibenzo(a,h)anthracene 1.80E-08 = [ 2.95E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Dibenzofuran 4.96E-07 = [ 8.11E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Indeno(1,2,3-cd)pyrene 4.66E-08 = [ 7.62E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Naphthalene 1.20E-05 = [ 1.96E+03 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
N-Nitrosodimethylamine 1.41E-09 = [ 2.30E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Phenanthrene 5.57E-07 = [ 9.10E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Antimony, Total 2.26E-08 = [ 3.70E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Arsenic, Total 1.28E-07 = [ 2.09E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Chromium, Total 3.96E-07 = [ 6.48E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Cobalt, Total 1.51E-07 = [ 2.47E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Iron, Total 3.15E-04 = [ 5.16E+04 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Manganese, Total 8.92E-06 = [ 1.46E+03 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Mercury, Total 4.34E-09 = [ 7.10E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]

Table B1.1
SMA 3 - Daily Intake Calculations: Industrial/Commercial Worker

Ingestion of Chemicals in Soil
Bluestone Coke, Birmingham, AL



Equation DIingestion = [ CS x IR x FI x CF x EF x ED ] / [ BW x AT ]
Units mg/kg-day mg/kg mg soil/day unitless kg/mg days/year years kg days

Table B1.1
SMA 3 - Daily Intake Calculations: Industrial/Commercial Worker

Ingestion of Chemicals in Soil
Bluestone Coke, Birmingham, AL

Selenium, Total 1.53E-08 = [ 2.51E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Thallium, Total 1.53E-08 = [ 2.51E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]
Cyanide, Total 1.83E-08 = [ 3.00E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 25,550 ]

NONCARCINOGENIC EFFECTS
Benzene 5.02E-08 = [ 2.93E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
m- and p-Xylenes 3.17E-06 = [ 1.85E+02 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Tetrachloroethene 9.33E-09 = [ 5.45E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
1-Methylnaphthalene 3.47E-06 = [ 2.03E+02 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
1,2,4-Trichlorobenzene 1.88E-07 = [ 1.10E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
2,4-Dimethylphenol 6.18E-08 = [ 3.61E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
2-Methylnaphthalene 1.12E-05 = [ 6.52E+02 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
2-Methylphenol (o-cresol) 5.82E-08 = [ 3.40E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Acenaphthylene 2.61E-07 = [ 1.52E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Anthracene 3.13E-07 = [ 1.83E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Benzo(a)anthracene 3.31E-07 = [ 1.93E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Benzo(a)pyrene 2.32E-07 = [ 1.36E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Benzo(b)fluoranthene 3.04E-07 = [ 1.78E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Benzo(g,h,i)perylene 1.28E-07 = [ 7.47E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Benzo(k)fluoranthene 1.25E-07 = [ 7.31E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Benzyl butyl phthalate 8.05E-09 = [ 4.70E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Carbazole 4.88E-07 = [ 2.85E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Chrysene 2.90E-07 = [ 1.69E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Dibenzo(a,h)anthracene 5.05E-08 = [ 2.95E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Dibenzofuran 1.39E-06 = [ 8.11E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Indeno(1,2,3-cd)pyrene 1.30E-07 = [ 7.62E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Naphthalene 3.36E-05 = [ 1.96E+03 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
N-Nitrosodimethylamine 3.94E-09 = [ 2.30E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Phenanthrene 1.56E-06 = [ 9.10E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Antimony, Total 6.34E-08 = [ 3.70E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Arsenic, Total 3.58E-07 = [ 2.09E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Chromium, Total 1.11E-06 = [ 6.48E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]



Equation DIingestion = [ CS x IR x FI x CF x EF x ED ] / [ BW x AT ]
Units mg/kg-day mg/kg mg soil/day unitless kg/mg days/year years kg days

Table B1.1
SMA 3 - Daily Intake Calculations: Industrial/Commercial Worker

Ingestion of Chemicals in Soil
Bluestone Coke, Birmingham, AL

Cobalt, Total 4.23E-07 = [ 2.47E+01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Iron, Total 8.83E-04 = [ 5.16E+04 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Manganese, Total 2.50E-05 = [ 1.46E+03 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Mercury, Total 1.22E-08 = [ 7.10E-01 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Selenium, Total 4.29E-08 = [ 2.51E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Thallium, Total 4.29E-08 = [ 2.51E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
Cyanide, Total 5.14E-08 = [ 3.00E+00 x 100 x 1 x 1.00E-06 x 5 x 25 ] / [ 80 x 9,125 ]
DIingestion = daily chemical intake via soil ingestion FI = fraction of intake ED = exposure duration
CS = chemical concentration in soil CF = conversion factor BW = body weight
IR = soil ingestion rate EF = exposure frequency AT = averaging time



Equation DIingestion = [ CS x IR x FI x CF x EF x ED ] / [ BW x AT ]
Units mg/kg-day mg/kg mg soil/day unitless kg/mg days/year years kg days
CARCINOGENIC EFFECTS
Benzene 1.18E-07 = [ 2.93E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
m- and p-Xylenes 7.48E-06 = [ 1.85E+02 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Tetrachloroethene 2.20E-08 = [ 5.45E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
1-Methylnaphthalene 8.18E-06 = [ 2.03E+02 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
1,2,4-Trichlorobenzene 4.44E-07 = [ 1.10E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
2,4-Dimethylphenol 1.46E-07 = [ 3.61E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
2-Methylnaphthalene 2.63E-05 = [ 6.52E+02 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
2-Methylphenol (o-cresol) 1.37E-07 = [ 3.40E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Acenaphthylene 6.14E-07 = [ 1.52E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Anthracene 7.38E-07 = [ 1.83E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Benzo(a)anthracene 7.80E-07 = [ 1.93E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Benzo(a)pyrene 5.47E-07 = [ 1.36E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Benzo(b)fluoranthene 7.16E-07 = [ 1.78E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Benzo(g,h,i)perylene 3.02E-07 = [ 7.47E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Benzo(k)fluoranthene 2.95E-07 = [ 7.31E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Benzyl butyl phthalate 1.90E-08 = [ 4.70E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Carbazole 1.15E-06 = [ 2.85E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Chrysene 6.83E-07 = [ 1.69E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Dibenzo(a,h)anthracene 1.19E-07 = [ 2.95E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Dibenzofuran 3.27E-06 = [ 8.11E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Indeno(1,2,3-cd)pyrene 3.08E-07 = [ 7.62E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Naphthalene 7.92E-05 = [ 1.96E+03 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
N-Nitrosodimethylamine 9.28E-09 = [ 2.30E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Phenanthrene 3.67E-06 = [ 9.10E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Antimony, Total 1.49E-07 = [ 3.70E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Arsenic, Total 8.44E-07 = [ 2.09E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Chromium, Total 2.61E-06 = [ 6.48E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Cobalt, Total 9.98E-07 = [ 2.47E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Iron, Total 2.08E-03 = [ 5.16E+04 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]

Table B1.2
SMA 3 - Daily Intake Calculations: Construction Worker

Ingestion of Chemicals in Soil
Bluestone Coke, Birmingham, AL



Equation DIingestion = [ CS x IR x FI x CF x EF x ED ] / [ BW x AT ]
Units mg/kg-day mg/kg mg soil/day unitless kg/mg days/year years kg days

Table B1.2
SMA 3 - Daily Intake Calculations: Construction Worker

Ingestion of Chemicals in Soil
Bluestone Coke, Birmingham, AL

Manganese, Total 5.89E-05 = [ 1.46E+03 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Mercury, Total 2.87E-08 = [ 7.10E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Selenium, Total 1.01E-07 = [ 2.51E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Thallium, Total 1.01E-07 = [ 2.51E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]
Cyanide, Total 1.21E-07 = [ 3.00E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 25,550 ]

NONCARCINOGENIC EFFECTS
Benzene 8.28E-06 = [ 2.93E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
m- and p-Xylenes 5.24E-04 = [ 1.85E+02 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Tetrachloroethene 1.54E-06 = [ 5.45E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
1-Methylnaphthalene 5.73E-04 = [ 2.03E+02 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
1,2,4-Trichlorobenzene 3.11E-05 = [ 1.10E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
2,4-Dimethylphenol 1.02E-05 = [ 3.61E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
2-Methylnaphthalene 1.84E-03 = [ 6.52E+02 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
2-Methylphenol (o-cresol) 9.61E-06 = [ 3.40E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Acenaphthylene 4.30E-05 = [ 1.52E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Anthracene 5.16E-05 = [ 1.83E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Benzo(a)anthracene 5.46E-05 = [ 1.93E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Benzo(a)pyrene 3.83E-05 = [ 1.36E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Benzo(b)fluoranthene 5.01E-05 = [ 1.78E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Benzo(g,h,i)perylene 2.11E-05 = [ 7.47E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Benzo(k)fluoranthene 2.07E-05 = [ 7.31E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Benzyl butyl phthalate 1.33E-06 = [ 4.70E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Carbazole 8.05E-05 = [ 2.85E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Chrysene 4.78E-05 = [ 1.69E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Dibenzo(a,h)anthracene 8.33E-06 = [ 2.95E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Dibenzofuran 2.29E-04 = [ 8.11E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Indeno(1,2,3-cd)pyrene 2.15E-05 = [ 7.62E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Naphthalene 5.54E-03 = [ 1.96E+03 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
N-Nitrosodimethylamine 6.50E-07 = [ 2.30E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]



Equation DIingestion = [ CS x IR x FI x CF x EF x ED ] / [ BW x AT ]
Units mg/kg-day mg/kg mg soil/day unitless kg/mg days/year years kg days

Table B1.2
SMA 3 - Daily Intake Calculations: Construction Worker

Ingestion of Chemicals in Soil
Bluestone Coke, Birmingham, AL

Phenanthrene 2.57E-04 = [ 9.10E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Antimony, Total 1.05E-05 = [ 3.70E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Arsenic, Total 5.91E-05 = [ 2.09E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Chromium, Total 1.83E-04 = [ 6.48E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Cobalt, Total 6.98E-05 = [ 2.47E+01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Iron, Total 1.46E-01 = [ 5.16E+04 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Manganese, Total 4.12E-03 = [ 1.46E+03 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Mercury, Total 2.01E-06 = [ 7.10E-01 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Selenium, Total 7.08E-06 = [ 2.51E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Thallium, Total 7.08E-06 = [ 2.51E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
Cyanide, Total 8.48E-06 = [ 3.00E+00 x 330 x 1 x 1.00E-06 x 250 x 1 ] / [ 80 x 365 ]
DIingestion = daily chemical intake via soil ingestion CF = conversion factor AT = averaging time
CS = chemical concentration in soil EF = exposure frequency
IR = soil ingestion rate ED = exposure duration
FI = fraction of intake BW = body weight



Chemical Koc x foc = Kd
Benzene 145.8 x 0.006 = 8.75E-01
m- and p-Xylenes 375.3 x 0.006 = 2.25E+00
Tetrachloroethene 94.94 x 0.006 = 5.70E-01
1-Methylnaphthalene 2528 x 0.006 = 1.52E+01
1,2,4-Trichlorobenzene 1356 x 0.006 = 8.14E+00
2,4-Dimethylphenol 491.8 x 0.006 = 2.95E+00
2-Methylnaphthalene 2478 x 0.006 = 1.49E+01
2-Methylphenol (o-cresol) 306.5 x 0.006 = 1.84E+00
Acenaphthylene nd x 0.006 = nd
Anthracene 16360 x 0.006 = 9.82E+01
Benzo(a)anthracene 176900 x 0.006 = 1.06E+03
Benzo(a)pyrene 587400 x 0.006 = 3.52E+03
Benzo(b)fluoranthene 599400 x 0.006 = 3.60E+03
Benzo(g,h,i)perylene nd x 0.006 = nd
Benzo(k)fluoranthene 587400 x 0.006 = 3.52E+03
Benzyl butyl phthalate 7155 x 0.006 = 4.29E+01
Carbazole nd x 0.006 = nd
Chrysene 180500 x 0.006 = 1.08E+03
Dibenzo(a,h)anthracene 1912000 x 0.006 = 1.15E+04
Dibenzofuran 9161 x 0.006 = 5.50E+01
Indeno(1,2,3-cd)pyrene 1951000 x 0.006 = 1.17E+04
Naphthalene 1544 x 0.006 = 9.26E+00
N-Nitrosodimethylamine 22.79 x 0.006 = 1.37E-01
Phenanthrene nd x 0.006 = nd
Antimony, Total = 4.50E+01
Arsenic, Total = 2.90E+01
Chromium, Total = 1.90E+01
Cobalt, Total = 4.50E+01
Iron, Total = 2.50E+01
Manganese, Total = 6.50E+01
Mercury, Total = 5.20E+01
Selenium, Total = 5.00E+00
Thallium, Total = 7.10E+01
Cyanide, Total = 9.90E+00
KOC = soil organic carbon partition coefficient (L/kg), chemical specific
           Source for KOC = USEPA Regional Screening Levels Table (May 2021)
fOC = fraction organic carbon in soil (g/g), 0.006
Kd = soil-water partition coefficient (L/kg) = KOC x fOC, chemical specific
      Kd for inorganic chemicals derived from USEPA RSLs Table (May 2021)
nd = no data

Table B1.3
SMA 3 - Kd Calculations, Soil

Bluestone Coke, Birmingham, AL



Equation Q/C = A x exp [ ( ln Asite - B )2 / C ]
Units g/m2-s per kg/m3 unitless ac unitless unitless

SMA 3 39.92 = 14.8349 x exp [ ( ln 42 - 17.9529 )2 / 204.1516 ]

Source: USEPA.  2002. Supplemental Guidance for Developing Soil Screening Levels for
Superfund Sites.   Office of Solid Waste and Emergency Response, OSWER 9355.4-24.

     Washington, DC.

Q/C = inverse of mean concentration at center of source (g/m2-s per kg/m3).
Constants A, B, and C based on Zone 6, Atlanta, GA
Asite = approx. 42 acres, based on Figure 4

Table B1.4
SMA 3 - Derivation of Dispersion Factors for Soil Inhalation

Bluestone Coke, Birmingham, AL



Equation: DA = [ ( a
10/3 x Di x H' ) + ( w

10/3 x Dw ) / n2 ] / [ ( b x Kd ) + w + ( a x H' ) ]
Chemical           Units: cm2/sec Lair/Lsoil cm2/sec unitless m3/kg cm2/sec Lpore/Lsoil g/cm3 cm3/g Lwater/Lsoil Lair/Lsoil unitless

Benzene 2.00E-04 = [ ( 1.50E-02 x 8.95E-02 x 2.27E-01 ) + ( 1.79E-03 x 1.03E-05 ) / 0.1884 ] / [ ( 1.5 x 8.75E-01 ) + 0.15 + ( 0.284 x 2.27E-01 ) ]
m- and p-Xylenes 8.34E-05 = [ ( 1.50E-02 x 6.84E-02 x 2.94E-01 ) + ( 1.79E-03 x 8.44E-06 ) / 0.1884 ] / [ ( 1.5 x 2.25E+00 ) + 0.15 + ( 0.284 x 2.94E-01 ) ]
Tetrachloroethene 4.53E-04 = [ ( 1.50E-02 x 5.05E-02 x 7.24E-01 ) + ( 1.79E-03 x 9.46E-06 ) / 0.1884 ] / [ ( 1.5 x 5.70E-01 ) + 0.15 + ( 0.284 x 7.24E-01 ) ]
1-Methylnaphthalene 7.29E-07 = [ ( 1.50E-02 x 5.28E-02 x 2.10E-02 ) + ( 1.79E-03 x 7.85E-06 ) / 0.1884 ] / [ ( 1.5 x 1.52E+01 ) + 0.15 + ( 0.284 x 2.10E-02 ) ]
1,2,4-Trichlorobenzene 2.79E-06 = [ ( 1.50E-02 x 3.96E-02 x 5.81E-02 ) + ( 1.79E-03 x 8.40E-06 ) / 0.1884 ] / [ ( 1.5 x 8.14E+00 ) + 0.15 + ( 0.284 x 5.81E-02 ) ]
2,4-Dimethylphenol 2.52E-08 = [ ( 1.50E-02 x 6.22E-02 x 3.89E-05 ) + ( 1.79E-03 x 8.31E-06 ) / 0.1884 ] / [ ( 1.5 x 2.95E+00 ) + 0.15 + ( 0.284 x 3.89E-05 ) ]
2-Methylnaphthalene 7.45E-07 = [ ( 1.50E-02 x 5.24E-02 x 2.12E-02 ) + ( 1.79E-03 x 7.78E-06 ) / 0.1884 ] / [ ( 1.5 x 1.49E+01 ) + 0.15 + ( 0.284 x 2.12E-02 ) ]
2-Methylphenol (o-cresol) 4.89E-08 = [ ( 1.50E-02 x 7.28E-02 x 4.91E-05 ) + ( 1.79E-03 x 9.32E-06 ) / 0.1884 ] / [ ( 1.5 x 1.84E+00 ) + 0.15 + ( 0.284 x 4.91E-05 ) ]
Acenaphthylene na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x nd ) + 0.15 + ( 0.284 x na ) ]
Anthracene 9.52E-09 = [ ( 1.50E-02 x 3.90E-02 x 2.27E-03 ) + ( 1.79E-03 x 7.85E-06 ) / 0.1884 ] / [ ( 1.5 x 9.82E+01 ) + 0.15 + ( 0.284 x 2.27E-03 ) ]
Benzo(a)anthracene 1.61E-10 = [ ( 1.50E-02 x 2.61E-02 x 4.91E-04 ) + ( 1.79E-03 x 6.75E-06 ) / 0.1884 ] / [ ( 1.5 x 1.06E+03 ) + 0.15 + ( 0.284 x 4.91E-04 ) ]
Benzo(a)pyrene 1.32E-11 = [ ( 1.50E-02 x 2.55E-02 x 1.87E-05 ) + ( 1.79E-03 x 6.58E-06 ) / 0.1884 ] / [ ( 1.5 x 3.52E+03 ) + 0.15 + ( 0.284 x 1.87E-05 ) ]
Benzo(b)fluoranthene 1.32E-11 = [ ( 1.50E-02 x 2.50E-02 x 2.69E-05 ) + ( 1.79E-03 x 6.43E-06 ) / 0.1884 ] / [ ( 1.5 x 3.60E+03 ) + 0.15 + ( 0.284 x 2.69E-05 ) ]
Benzo(g,h,i)perylene na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x nd ) + 0.15 + ( 0.284 x na ) ]
Benzo(k)fluoranthene 1.33E-11 = [ ( 1.50E-02 x 2.50E-02 x 2.39E-05 ) + ( 1.79E-03 x 6.43E-06 ) / 0.1884 ] / [ ( 1.5 x 3.52E+03 ) + 0.15 + ( 0.284 x 2.39E-05 ) ]
Benzyl butyl phthalate 1.01E-09 = [ ( 1.50E-02 x 2.08E-02 x 5.15E-05 ) + ( 1.79E-03 x 5.17E-06 ) / 0.1884 ] / [ ( 1.5 x 4.29E+01 ) + 0.15 + ( 0.284 x 5.15E-05 ) ]
Carbazole na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x nd ) + 0.15 + ( 0.284 x na ) ]
Chrysene 9.10E-11 = [ ( 1.50E-02 x 2.61E-02 x 2.14E-04 ) + ( 1.79E-03 x 6.75E-06 ) / 0.1884 ] / [ ( 1.5 x 1.08E+03 ) + 0.15 + ( 0.284 x 2.14E-04 ) ]
Dibenzo(a,h)anthracene 3.44E-12 = [ ( 1.50E-02 x 2.36E-02 x 5.76E-06 ) + ( 1.79E-03 x 6.02E-06 ) / 0.1884 ] / [ ( 1.5 x 1.15E+04 ) + 0.15 + ( 0.284 x 5.76E-06 ) ]
Dibenzofuran 1.04E-07 = [ ( 1.50E-02 x 6.51E-02 x 8.71E-03 ) + ( 1.79E-03 x 7.38E-06 ) / 0.1884 ] / [ ( 1.5 x 5.50E+01 ) + 0.15 + ( 0.284 x 8.71E-03 ) ]
Indeno(1,2,3-cd)pyrene 3.75E-12 = [ ( 1.50E-02 x 2.47E-02 x 1.42E-05 ) + ( 1.79E-03 x 6.37E-06 ) / 0.1884 ] / [ ( 1.5 x 1.17E+04 ) + 0.15 + ( 0.284 x 1.42E-05 ) ]
Naphthalene 1.17E-06 = [ ( 1.50E-02 x 6.05E-02 x 1.80E-02 ) + ( 1.79E-03 x 8.38E-06 ) / 0.1884 ] / [ ( 1.5 x 9.26E+00 ) + 0.15 + ( 0.284 x 1.80E-02 ) ]
N-Nitrosodimethylamine 6.18E-07 = [ ( 1.50E-02 x 9.88E-02 x 7.44E-05 ) + ( 1.79E-03 x 1.15E-05 ) / 0.1884 ] / [ ( 1.5 x 1.37E-01 ) + 0.15 + ( 0.284 x 7.44E-05 ) ]
Phenanthrene na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x nd ) + 0.15 + ( 0.284 x na ) ]
Antimony, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 4.50E+01 ) + 0.15 + ( 0.284 x na ) ]
Arsenic, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 2.90E+01 ) + 0.15 + ( 0.284 x na ) ]
Chromium, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 1.90E+01 ) + 0.15 + ( 0.284 x na ) ]
Cobalt, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 4.50E+01 ) + 0.15 + ( 0.284 x na ) ]
Iron, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 2.50E+01 ) + 0.15 + ( 0.284 x na ) ]
Manganese, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 6.50E+01 ) + 0.15 + ( 0.284 x na ) ]

Table B1.5
Apparent Diffusivity - DA, Soil Inhalation

Bluestone Coke, Birmingham, AL



Equation: DA = [ ( a
10/3 x Di x H' ) + ( w

10/3 x Dw ) / n2 ] / [ ( b x Kd ) + w + ( a x H' ) ]
Chemical           Units: cm2/sec Lair/Lsoil cm2/sec unitless m3/kg cm2/sec Lpore/Lsoil g/cm3 cm3/g Lwater/Lsoil Lair/Lsoil unitless

Table B1.5
Apparent Diffusivity - DA, Soil Inhalation

Bluestone Coke, Birmingham, AL

Mercury, Total 2.07E-06 = [ ( 1.50E-02 x 3.07E-02 x 3.52E-01 ) + ( 1.79E-03 x 6.30E-06 ) / 0.1884 ] / [ ( 1.5 x 5.20E+01 ) + 0.15 + ( 0.284 x 3.52E-01 ) ]
Selenium, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 5.00E+00 ) + 0.15 + ( 0.284 x na ) ]
Thallium, Total na = [ ( 1.50E-02 x na x na ) + ( 1.79E-03 x na ) / 0.1884 ] / [ ( 1.5 x 7.10E+01 ) + 0.15 + ( 0.284 x na ) ]
Cyanide, Total 8.91E-07 = [ ( 1.50E-02 x 2.11E-01 x 4.15E-03 ) + ( 1.79E-03 x 2.46E-05 ) / 0.1884 ] / [ ( 1.5 x 9.90E+00 ) + 0.15 + ( 0.284 x 4.15E-03 ) ]
Equation Source: USEPA.  2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. Office of Solid Waste and Emergency Response, OSWER 9355.4-24.
Parameters Source: USEPA Region 9 RSL Parameter Tables, November 2012.
DA = apparent diffusivity Di = diffusivity in air (cm2/sec), chemical specific

a = air filled porosity (Lair/Lsoil w = 0.284 H' = Henrys law constant, unitless, chemical specific

w = water-filled porosity (Lwater/Lsoil) = 0.15 Dw = diffusivity in water (cm2/sec), chemical specific

n = total soil porosity (Lpore/Lsoil b s) = 0.434 Kd = soil-water partition coefficient, cm3/g) = KOC x fOC, chemical specific

b = dry soil bulk density (g/cm3) = 1.5 g/cm3 KOC = soil organic carbon partition coefficient (cm3 / g), chemical specific

s = soil particle density (g/cm3) = 2.65 g/cm3 fOC = fraction organic carbon in soil (g/g), 0.006



Equation: VF = [ Q/C x ( 3.14 x DA x T )1/2 x CF ] / ( 2 x b x DA )
Chemical            Units: mair

3/kgsoil g/m2-s per kg/m3 cm2/sec sec m2/cm2 g/cm3 cm2/sec
Benzene 5.14E+03 = [ 39.92 x ( 3.14 x 2.00E-04 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 2.00E-04 )
m- and p-Xylenes 7.96E+03 = [ 39.92 x ( 3.14 x 8.34E-05 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 8.34E-05 )
Tetrachloroethene 3.42E+03 = [ 39.92 x ( 3.14 x 4.53E-04 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 4.53E-04 )
1-Methylnaphthalene 8.51E+04 = [ 39.92 x ( 3.14 x 7.29E-07 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 7.29E-07 )
1,2,4-Trichlorobenzene 4.35E+04 = [ 39.92 x ( 3.14 x 2.79E-06 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 2.79E-06 )
2,4-Dimethylphenol 4.58E+05 = [ 39.92 x ( 3.14 x 2.52E-08 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 2.52E-08 )
2-Methylnaphthalene 8.42E+04 = [ 39.92 x ( 3.14 x 7.45E-07 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 7.45E-07 )
2-Methylphenol (o-cresol) 3.29E+05 = [ 39.92 x ( 3.14 x 4.89E-08 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 4.89E-08 )
Acenaphthylene na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Anthracene 7.45E+05 = [ 39.92 x ( 3.14 x 9.52E-09 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 9.52E-09 )
Benzo(a)anthracene 5.73E+06 = [ 39.92 x ( 3.14 x 1.61E-10 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 1.61E-10 )
Benzo(a)pyrene 2.00E+07 = [ 39.92 x ( 3.14 x 1.32E-11 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 1.32E-11 )
Benzo(b)fluoranthene 2.00E+07 = [ 39.92 x ( 3.14 x 1.32E-11 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 1.32E-11 )
Benzo(g,h,i)perylene na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Benzo(k)fluoranthene 2.00E+07 = [ 39.92 x ( 3.14 x 1.33E-11 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 1.33E-11 )
Benzyl butyl phthalate 2.29E+06 = [ 39.92 x ( 3.14 x 1.01E-09 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 1.01E-09 )
Carbazole na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Chrysene 7.62E+06 = [ 39.92 x ( 3.14 x 9.10E-11 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 9.10E-11 )
Dibenzo(a,h)anthracene 3.92E+07 = [ 39.92 x ( 3.14 x 3.44E-12 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 3.44E-12 )
Dibenzofuran 2.26E+05 = [ 39.92 x ( 3.14 x 1.04E-07 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 1.04E-07 )
Indeno(1,2,3-cd)pyrene 3.75E+07 = [ 39.92 x ( 3.14 x 3.75E-12 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 3.75E-12 )
Naphthalene 6.73E+04 = [ 39.92 x ( 3.14 x 1.17E-06 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 1.17E-06 )
N-Nitrosodimethylamine 9.24E+04 = [ 39.92 x ( 3.14 x 6.18E-07 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 6.18E-07 )
Phenanthrene na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Antimony, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Arsenic, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Chromium, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Cobalt, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Iron, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Manganese, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )

Table B1.6
Volatilization Factor Calculations(1) - VF, Soil Inhalation

Bluestone Coke, Birmingham, AL



Equation: VF = [ Q/C x ( 3.14 x DA x T )1/2 x CF ] / ( 2 x b x DA )
Chemical            Units: mair

3/kgsoil g/m2-s per kg/m3 cm2/sec sec m2/cm2 g/cm3 cm2/sec

Table B1.6
Volatilization Factor Calculations(1) - VF, Soil Inhalation

Bluestone Coke, Birmingham, AL

Mercury, Total 5.05E+04 = [ 39.92 x ( 3.14 x 2.07E-06 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 2.07E-06 )
Selenium, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Thallium, Total na = [ 39.92 x ( 3.14 x na x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x na )
Cyanide, Total 7.70E+04 = [ 39.92 x ( 3.14 x 8.91E-07 x 9.50E+08 )1/2 x 1.00E-04 ] / ( 2 x 1.5 x 8.91E-07 )
Source: USEPA.  2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. Office of Solid Waste and
      Emergency Response, OSWER 9355.4-24.   Washington, DC.
Q/C = inverse of mean concentration at center of source (g/m2-s per kg/m3).

DA = apparent diffusivity (cm2/sec)

T = exposure interval (sec)
CF = conversion factor, 10-4 m2/cm2

VF = volatilazation factor

b = dry soil bulk density (g/cm3) = 1.5 g/cm3



Equation CA = CS x CF x [ ( 1 / PEF ) + ( 1 / VF ) ]
Chemical                   Units g/m3 mg/kg g/mg m3/kg m3/kg

Benzene 5.70E-01 = 2.93E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 5.14E+03 ) ]
m- and p-Xylenes 2.33E+01 = 1.85E+02 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 7.96E+03 ) ]
Tetrachloroethene 1.60E-01 = 5.45E-01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 3.42E+03 ) ]
1-Methylnaphthalene 2.38E+00 = 2.03E+02 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 8.51E+04 ) ]
1,2,4-Trichlorobenzene 2.53E-01 = 1.10E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 4.35E+04 ) ]
2,4-Dimethylphenol 7.88E-03 = 3.61E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 4.58E+05 ) ]
2-Methylnaphthalene 7.75E+00 = 6.52E+02 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 8.42E+04 ) ]
2-Methylphenol (o-cresol) 1.03E-02 = 3.40E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 3.29E+05 ) ]
Acenaphthylene 2.67E-06 = 1.52E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Anthracene 2.45E-02 = 1.83E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 7.45E+05 ) ]
Benzo(a)anthracene 3.38E-03 = 1.93E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 5.73E+06 ) ]
Benzo(a)pyrene 6.79E-04 = 1.36E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 2.00E+07 ) ]
Benzo(b)fluoranthene 8.91E-04 = 1.78E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 2.00E+07 ) ]
Benzo(g,h,i)perylene 1.31E-06 = 7.47E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Benzo(k)fluoranthene 3.68E-04 = 7.31E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 2.00E+07 ) ]
Benzyl butyl phthalate 2.06E-04 = 4.70E-01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 2.29E+06 ) ]
Carbazole 5.00E-06 = 2.85E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Chrysene 2.22E-03 = 1.69E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 7.62E+06 ) ]
Dibenzo(a,h)anthracene 7.58E-05 = 2.95E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 3.92E+07 ) ]
Dibenzofuran 3.59E-01 = 8.11E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 2.26E+05 ) ]
Indeno(1,2,3-cd)pyrene 2.04E-04 = 7.62E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 3.75E+07 ) ]
Naphthalene 2.92E+01 = 1.96E+03 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 6.73E+04 ) ]
N-Nitrosodimethylamine 2.49E-03 = 2.30E-01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 9.24E+04 ) ]
Phenanthrene 1.60E-05 = 9.10E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Antimony, Total 6.49E-07 = 3.70E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Arsenic, Total 3.67E-06 = 2.09E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Chromium, Total 1.14E-05 = 6.48E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Cobalt, Total 4.34E-06 = 2.47E+01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Iron, Total 9.05E-03 = 5.16E+04 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Manganese, Total 2.56E-04 = 1.46E+03 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Mercury, Total 1.41E-02 = 7.10E-01 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 5.05E+04 ) ]

Table B1.7
SMA 3 - Chemical Concentrations in Air Calculations, Soil Inhalation

Bluestone Coke, Birmingham, AL
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Equation CA = CS x CF x [ ( 1 / PEF ) + ( 1 / VF ) ]
Chemical                   Units g/m3 mg/kg g/mg m3/kg m3/kg

Table B1.7
SMA 3 - Chemical Concentrations in Air Calculations, Soil Inhalation

Bluestone Coke, Birmingham, AL

Selenium, Total 4.39E-07 = 2.51E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Thallium, Total 4.39E-07 = 2.51E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / na ) ]
Cyanide, Total 3.90E-02 = 3.00E+00 x 1000 x [ ( 1 / 5.70E+09 ) + ( 1 / 7.70E+04 ) ]
CA = chemical concentration in air CF = conversion factor (1000 g/mg)
CS = chemical concentration in soil PEF = particulate emission factor

VF = volatilization factor
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Equation EC = [ CA x ET x EF x ED x CF ] / [ AT ]
Chemical                     Units g/m3 g/m3 hours/day days/year years days/hour days

CARCINOGENIC EFFECTS
Benzene 9.36E-04 = [ 5.70E-01 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
m- and p-Xylenes 3.83E-02 = [ 2.33E+01 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Tetrachloroethene 2.62E-04 = [ 1.60E-01 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
1-Methylnaphthalene 3.92E-03 = [ 2.38E+00 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
1,2,4-Trichlorobenzene 4.16E-04 = [ 2.53E-01 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
2,4-Dimethylphenol 1.30E-05 = [ 7.88E-03 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
2-Methylnaphthalene 1.27E-02 = [ 7.75E+00 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
2-Methylphenol (o-cresol) 1.70E-05 = [ 1.03E-02 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Acenaphthylene 4.39E-09 = [ 2.67E-06 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Anthracene 4.04E-05 = [ 2.45E-02 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Benzo(a)anthracene 5.55E-06 = [ 3.38E-03 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Benzo(a)pyrene 1.12E-06 = [ 6.79E-04 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Benzo(b)fluoranthene 1.46E-06 = [ 8.91E-04 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Benzo(g,h,i)perylene 2.16E-09 = [ 1.31E-06 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Benzo(k)fluoranthene 6.04E-07 = [ 3.68E-04 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Benzyl butyl phthalate 3.38E-07 = [ 2.06E-04 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Carbazole 8.22E-09 = [ 5.00E-06 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Chrysene 3.66E-06 = [ 2.22E-03 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Dibenzo(a,h)anthracene 1.25E-07 = [ 7.58E-05 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Dibenzofuran 5.91E-04 = [ 3.59E-01 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Indeno(1,2,3-cd)pyrene 3.36E-07 = [ 2.04E-04 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Naphthalene 4.80E-02 = [ 2.92E+01 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
N-Nitrosodimethylamine 4.09E-06 = [ 2.49E-03 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Phenanthrene 2.62E-08 = [ 1.60E-05 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Antimony, Total 1.07E-09 = [ 6.49E-07 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Arsenic, Total 6.03E-09 = [ 3.67E-06 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Chromium, Total 1.87E-08 = [ 1.14E-05 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Cobalt, Total 7.13E-09 = [ 4.34E-06 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Iron, Total 1.49E-05 = [ 9.05E-03 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Manganese, Total 4.21E-07 = [ 2.56E-04 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Mercury, Total 2.31E-05 = [ 1.41E-02 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Selenium, Total 7.22E-10 = [ 4.39E-07 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Thallium, Total 7.22E-10 = [ 4.39E-07 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]
Cyanide, Total 6.41E-05 = [ 3.90E-02 x 8 x 5 x 25 x 0.042 ] / [ 25,550 ]

NONCARCINOGENIC EFFECTS
Benzene 2.62E-03 = [ 5.70E-01 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
m- and p-Xylenes 1.07E-01 = [ 2.33E+01 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Tetrachloroethene 7.35E-04 = [ 1.60E-01 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
1-Methylnaphthalene 1.10E-02 = [ 2.38E+00 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
1,2,4-Trichlorobenzene 1.16E-03 = [ 2.53E-01 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
2,4-Dimethylphenol 3.63E-05 = [ 7.88E-03 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
2-Methylnaphthalene 3.57E-02 = [ 7.75E+00 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
2-Methylphenol (o-cresol) 4.76E-05 = [ 1.03E-02 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Acenaphthylene 1.23E-08 = [ 2.67E-06 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Anthracene 1.13E-04 = [ 2.45E-02 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Benzo(a)anthracene 1.55E-05 = [ 3.38E-03 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Benzo(a)pyrene 3.13E-06 = [ 6.79E-04 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Benzo(b)fluoranthene 4.10E-06 = [ 8.91E-04 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Benzo(g,h,i)perylene 6.03E-09 = [ 1.31E-06 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Benzo(k)fluoranthene 1.69E-06 = [ 3.68E-04 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Benzyl butyl phthalate 9.47E-07 = [ 2.06E-04 x 8 x 5 x 25 0.042 ] / [ 9,125 ]

Table B1.8
SMA 3 - Daily Intake Calculations: Industrial/Commercial Worker

Inhalation of Chemicals in Soil
Bluestone Coke, Birmingham, AL
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Equation EC = [ CA x ET x EF x ED x CF ] / [ AT ]
Chemical                     Units g/m3 g/m3 hours/day days/year years days/hour days

Table B1.8
SMA 3 - Daily Intake Calculations: Industrial/Commercial Worker

Inhalation of Chemicals in Soil
Bluestone Coke, Birmingham, AL

Carbazole 2.30E-08 = [ 5.00E-06 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Chrysene 1.02E-05 = [ 2.22E-03 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Dibenzo(a,h)anthracene 3.49E-07 = [ 7.58E-05 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Dibenzofuran 1.65E-03 = [ 3.59E-01 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Indeno(1,2,3-cd)pyrene 9.40E-07 = [ 2.04E-04 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Naphthalene 1.34E-01 = [ 2.92E+01 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
N-Nitrosodimethylamine 1.15E-05 = [ 2.49E-03 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Phenanthrene 7.35E-08 = [ 1.60E-05 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Antimony, Total 2.99E-09 = [ 6.49E-07 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Arsenic, Total 1.69E-08 = [ 3.67E-06 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Chromium, Total 5.23E-08 = [ 1.14E-05 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Cobalt, Total 2.00E-08 = [ 4.34E-06 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Iron, Total 4.16E-05 = [ 9.05E-03 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Manganese, Total 1.18E-06 = [ 2.56E-04 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Mercury, Total 6.47E-05 = [ 1.41E-02 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Selenium, Total 2.02E-09 = [ 4.39E-07 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Thallium, Total 2.02E-09 = [ 4.39E-07 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
Cyanide, Total 1.79E-04 = [ 3.90E-02 x 8 x 5 x 25 0.042 ] / [ 9,125 ]
EC = exposure concentration ED = exposure duration
CA = chemical concentration in air CF = conversion factor (1 day/24 hours)
ET = exposure time AT = averaging time
EF = exposure frequency
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Equation EC = [ CA x ET x EF x ED x CF ] / [ AT ]
Chemical                     Units g/m3 g/m3 hours/day days/year years days/hour days

CARCINOGENIC EFFECTS
Benzene 1.87E-03 = [ 5.70E-01 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
m- and p-Xylenes 7.65E-02 = [ 2.33E+01 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Tetrachloroethene 5.25E-04 = [ 1.60E-01 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
1-Methylnaphthalene 7.83E-03 = [ 2.38E+00 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
1,2,4-Trichlorobenzene 8.32E-04 = [ 2.53E-01 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
2,4-Dimethylphenol 2.59E-05 = [ 7.88E-03 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
2-Methylnaphthalene 2.55E-02 = [ 7.75E+00 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
2-Methylphenol (o-cresol) 3.40E-05 = [ 1.03E-02 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Acenaphthylene 8.78E-09 = [ 2.67E-06 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Anthracene 8.07E-05 = [ 2.45E-02 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Benzo(a)anthracene 1.11E-05 = [ 3.38E-03 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Benzo(a)pyrene 2.23E-06 = [ 6.79E-04 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Benzo(b)fluoranthene 2.93E-06 = [ 8.91E-04 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Benzo(g,h,i)perylene 4.31E-09 = [ 1.31E-06 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Benzo(k)fluoranthene 1.21E-06 = [ 3.68E-04 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Benzyl butyl phthalate 6.76E-07 = [ 2.06E-04 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Carbazole 1.64E-08 = [ 5.00E-06 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Chrysene 7.31E-06 = [ 2.22E-03 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Dibenzo(a,h)anthracene 2.49E-07 = [ 7.58E-05 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Dibenzofuran 1.18E-03 = [ 3.59E-01 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Indeno(1,2,3-cd)pyrene 6.72E-07 = [ 2.04E-04 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Naphthalene 9.59E-02 = [ 2.92E+01 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
N-Nitrosodimethylamine 8.18E-06 = [ 2.49E-03 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Phenanthrene 5.25E-08 = [ 1.60E-05 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Antimony, Total 2.13E-09 = [ 6.49E-07 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Arsenic, Total 1.21E-08 = [ 3.67E-06 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Chromium, Total 3.74E-08 = [ 1.14E-05 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Cobalt, Total 1.43E-08 = [ 4.34E-06 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Iron, Total 2.97E-05 = [ 9.05E-03 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Manganese, Total 8.42E-07 = [ 2.56E-04 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Mercury, Total 4.62E-05 = [ 1.41E-02 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Selenium, Total 1.44E-09 = [ 4.39E-07 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Thallium, Total 1.44E-09 = [ 4.39E-07 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]
Cyanide, Total 1.28E-04 = [ 3.90E-02 x 8 x 250 x 1 x 0.042 ] / [ 25,550 ]

NONCARCINOGENIC EFFECTS
Benzene 1.31E-01 = [ 5.70E-01 x 8 x 250 x 1 0.042 ] / [ 365 ]
m- and p-Xylenes 5.36E+00 = [ 2.33E+01 x 8 x 250 x 1 0.042 ] / [ 365 ]
Tetrachloroethene 3.67E-02 = [ 1.60E-01 x 8 x 250 x 1 0.042 ] / [ 365 ]
1-Methylnaphthalene 5.48E-01 = [ 2.38E+00 x 8 x 250 x 1 0.042 ] / [ 365 ]
1,2,4-Trichlorobenzene 5.82E-02 = [ 2.53E-01 x 8 x 250 x 1 0.042 ] / [ 365 ]
2,4-Dimethylphenol 1.81E-03 = [ 7.88E-03 x 8 x 250 x 1 0.042 ] / [ 365 ]
2-Methylnaphthalene 1.78E+00 = [ 7.75E+00 x 8 x 250 x 1 0.042 ] / [ 365 ]
2-Methylphenol (o-cresol) 2.38E-03 = [ 1.03E-02 x 8 x 250 x 1 0.042 ] / [ 365 ]
Acenaphthylene 6.15E-07 = [ 2.67E-06 x 8 x 250 x 1 0.042 ] / [ 365 ]
Anthracene 5.65E-03 = [ 2.45E-02 x 8 x 250 x 1 0.042 ] / [ 365 ]
Benzo(a)anthracene 7.77E-04 = [ 3.38E-03 x 8 x 250 x 1 0.042 ] / [ 365 ]
Benzo(a)pyrene 1.56E-04 = [ 6.79E-04 x 8 x 250 x 1 0.042 ] / [ 365 ]
Benzo(b)fluoranthene 2.05E-04 = [ 8.91E-04 x 8 x 250 x 1 0.042 ] / [ 365 ]
Benzo(g,h,i)perylene 3.02E-07 = [ 1.31E-06 x 8 x 250 x 1 0.042 ] / [ 365 ]
Benzo(k)fluoranthene 8.46E-05 = [ 3.68E-04 x 8 x 250 x 1 0.042 ] / [ 365 ]
Benzyl butyl phthalate 4.73E-05 = [ 2.06E-04 x 8 x 250 x 1 0.042 ] / [ 365 ]

Table B1.9
SMA 3 - Daily Intake Calculations: Construction Worker

Inhalation of Chemicals in Soil
Bluestone Coke, Birmingham, AL
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Equation EC = [ CA x ET x EF x ED x CF ] / [ AT ]
Chemical                     Units g/m3 g/m3 hours/day days/year years days/hour days

Table B1.9
SMA 3 - Daily Intake Calculations: Construction Worker

Inhalation of Chemicals in Soil
Bluestone Coke, Birmingham, AL

Carbazole 1.15E-06 = [ 5.00E-06 x 8 x 250 x 1 0.042 ] / [ 365 ]
Chrysene 5.12E-04 = [ 2.22E-03 x 8 x 250 x 1 0.042 ] / [ 365 ]
Dibenzo(a,h)anthracene 1.74E-05 = [ 7.58E-05 x 8 x 250 x 1 0.042 ] / [ 365 ]
Dibenzofuran 8.27E-02 = [ 3.59E-01 x 8 x 250 x 1 0.042 ] / [ 365 ]
Indeno(1,2,3-cd)pyrene 4.70E-05 = [ 2.04E-04 x 8 x 250 x 1 0.042 ] / [ 365 ]
Naphthalene 6.71E+00 = [ 2.92E+01 x 8 x 250 x 1 0.042 ] / [ 365 ]
N-Nitrosodimethylamine 5.73E-04 = [ 2.49E-03 x 8 x 250 x 1 0.042 ] / [ 365 ]
Phenanthrene 3.67E-06 = [ 1.60E-05 x 8 x 250 x 1 0.042 ] / [ 365 ]
Antimony, Total 1.49E-07 = [ 6.49E-07 x 8 x 250 x 1 0.042 ] / [ 365 ]
Arsenic, Total 8.45E-07 = [ 3.67E-06 x 8 x 250 x 1 0.042 ] / [ 365 ]
Chromium, Total 2.61E-06 = [ 1.14E-05 x 8 x 250 x 1 0.042 ] / [ 365 ]
Cobalt, Total 9.98E-07 = [ 4.34E-06 x 8 x 250 x 1 0.042 ] / [ 365 ]
Iron, Total 2.08E-03 = [ 9.05E-03 x 8 x 250 x 1 0.042 ] / [ 365 ]
Manganese, Total 5.89E-05 = [ 2.56E-04 x 8 x 250 x 1 0.042 ] / [ 365 ]
Mercury, Total 3.24E-03 = [ 1.41E-02 x 8 x 250 x 1 0.042 ] / [ 365 ]
Selenium, Total 1.01E-07 = [ 4.39E-07 x 8 x 250 x 1 0.042 ] / [ 365 ]
Thallium, Total 1.01E-07 = [ 4.39E-07 x 8 x 250 x 1 0.042 ] / [ 365 ]
Cyanide, Total 8.97E-03 = [ 3.90E-02 x 8 x 250 x 1 0.042 ] / [ 365 ]
EC = exposure concentration ED = exposure duration
CA = chemical concentration in air CF = conversion factor (1 day/24 hours)
ET = exposure time AT = averaging time
EF = exposure frequency
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Equation DAevent = [ CS x CF x AF x ABSd

Chemical                    Units mg/cm2-event mg/kg kg/mg mg/cm2-event unitless
Benzene na = [ 2.93E+00 x 1.00E-06 x 0.12 x na
m- and p-Xylenes na = [ 1.85E+02 x 1.00E-06 x 0.12 x na
Tetrachloroethene na = [ 5.45E-01 x 1.00E-06 x 0.12 x na
1-Methylnaphthalene 3.16E-06 = [ 2.03E+02 x 1.00E-06 x 0.12 x 0.13
1,2,4-Trichlorobenzene na = [ 1.10E+01 x 1.00E-06 x 0.12 x na
2,4-Dimethylphenol 4.33E-08 = [ 3.61E+00 x 1.00E-06 x 0.12 x 0.1
2-Methylnaphthalene 1.02E-05 = [ 6.52E+02 x 1.00E-06 x 0.12 x 0.13
2-Methylphenol (o-cresol) 4.08E-08 = [ 3.40E+00 x 1.00E-06 x 0.12 x 0.1
Acenaphthylene 1.83E-07 = [ 1.52E+01 x 1.00E-06 x 0.12 x 0.1
Anthracene 2.85E-07 = [ 1.83E+01 x 1.00E-06 x 0.12 x 0.13
Benzo(a)anthracene 3.01E-07 = [ 1.93E+01 x 1.00E-06 x 0.12 x 0.13
Benzo(a)pyrene 2.11E-07 = [ 1.36E+01 x 1.00E-06 x 0.12 x 0.13
Benzo(b)fluoranthene 2.77E-07 = [ 1.78E+01 x 1.00E-06 x 0.12 x 0.13
Benzo(g,h,i)perylene 1.17E-07 = [ 7.47E+00 x 1.00E-06 x 0.12 x 0.13
Benzo(k)fluoranthene 1.14E-07 = [ 7.31E+00 x 1.00E-06 x 0.12 x 0.13
Benzyl butyl phthalate 5.64E-09 = [ 4.70E-01 x 1.00E-06 x 0.12 x 0.1
Carbazole na = [ 2.85E+01 x 1.00E-06 x 0.12 x na
Chrysene 2.64E-07 = [ 1.69E+01 x 1.00E-06 x 0.12 x 0.13
Dibenzo(a,h)anthracene 4.60E-08 = [ 2.95E+00 x 1.00E-06 x 0.12 x 0.13
Dibenzofuran na = [ 8.11E+01 x 1.00E-06 x 0.12 x na
Indeno(1,2,3-cd)pyrene 1.19E-07 = [ 7.62E+00 x 1.00E-06 x 0.12 x 0.13
Naphthalene 3.06E-05 = [ 1.96E+03 x 1.00E-06 x 0.12 x 0.13
N-Nitrosodimethylamine na = [ 2.30E-01 x 1.00E-06 x 0.12 x na
Phenanthrene 1.09E-06 = [ 9.10E+01 x 1.00E-06 x 0.12 x 0.1
Antimony, Total na = [ 3.70E+00 x 1.00E-06 x 0.12 x na
Arsenic, Total 7.53E-08 = [ 2.09E+01 x 1.00E-06 x 0.12 x 0.03
Chromium, Total na = [ 6.48E+01 x 1.00E-06 x 0.12 x na
Cobalt, Total na = [ 2.47E+01 x 1.00E-06 x 0.12 x na
Iron, Total na = [ 5.16E+04 x 1.00E-06 x 0.12 x na
Manganese, Total na = [ 1.46E+03 x 1.00E-06 x 0.12 x na
Mercury, Total na = [ 7.10E-01 x 1.00E-06 x 0.12 x na
Selenium, Total na = [ 2.51E+00 x 1.00E-06 x 0.12 x na
Thallium, Total na = [ 2.51E+00 x 1.00E-06 x 0.12 x na
Cyanide, Total na = [ 3.00E+00 x 1.00E-06 x 0.12 x na
DAevent = absorbed dose per event (mg/cm2-event) na = not applicable
CS = chemical concentration in soil
CF = conversion factor
AF =soil to skin adherence factor
ABSd = dermal absorption fraction, per exhibit 3-4 in RAGS Part E, Dermal Risk Assessment (USEPA, 2004)

values ABSd parameters unavailable for VOCs and most metals
     SVOCs = 0.1 ABSd parameters published on USEPA RSLs Table (May 2021)
     PAHs = 0.13
     As = 0.03

Table B1.10
SMA 3 - Daily Intake Calculations, All Receptors

Dermal Contact with Chemicals in Soil - Absorbed dose per event (DAevent)
Bluestone Coke, Birmingham, AL



Equation DAD = [ DAevent x EF x ED x EV x SA ] / [ BW x AT ]
Units mg/kg-day mg/cm2-event days/year years events/day cm2 kg days
CARCINOGENIC EFFECTS
Benzene na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
m- and p-Xylenes na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Tetrachloroethene na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
1-Methylnaphthalene 6.71E-07 = [ 3.16E-06 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
1,2,4-Trichlorobenzene na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
2,4-Dimethylphenol 9.19E-09 = [ 4.33E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
2-Methylnaphthalene 2.16E-06 = [ 1.02E-05 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
2-Methylphenol (o-cresol) 8.66E-09 = [ 4.08E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Acenaphthylene 3.88E-08 = [ 1.83E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Anthracene 6.05E-08 = [ 2.85E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(a)anthracene 6.40E-08 = [ 3.01E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(a)pyrene 4.49E-08 = [ 2.11E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(b)fluoranthene 5.88E-08 = [ 2.77E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(g,h,i)perylene 2.47E-08 = [ 1.17E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(k)fluoranthene 2.42E-08 = [ 1.14E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzyl butyl phthalate 1.20E-09 = [ 5.64E-09 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Carbazole na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Chrysene 5.60E-08 = [ 2.64E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Dibenzo(a,h)anthracene 9.76E-09 = [ 4.60E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Dibenzofuran na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Indeno(1,2,3-cd)pyrene 2.52E-08 = [ 1.19E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Naphthalene 6.50E-06 = [ 3.06E-05 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
N-Nitrosodimethylamine na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Phenanthrene 2.32E-07 = [ 1.09E-06 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Antimony, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Arsenic, Total 1.60E-08 = [ 7.53E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Chromium, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Cobalt, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Iron, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Manganese, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Mercury, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Selenium, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Thallium, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]
Cyanide, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 25,550 ]

NONCARCINOGENIC EFFECTS
Benzene na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
m- and p-Xylenes na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Tetrachloroethene na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
1-Methylnaphthalene 1.88E-06 = [ 3.16E-06 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
1,2,4-Trichlorobenzene na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
2,4-Dimethylphenol 2.57E-08 = [ 4.33E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
2-Methylnaphthalene 6.05E-06 = [ 1.02E-05 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
2-Methylphenol (o-cresol) 2.42E-08 = [ 4.08E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Acenaphthylene 1.09E-07 = [ 1.83E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Anthracene 1.69E-07 = [ 2.85E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Benzo(a)anthracene 1.79E-07 = [ 3.01E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Benzo(a)pyrene 1.26E-07 = [ 2.11E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Benzo(b)fluoranthene 1.65E-07 = [ 2.77E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Benzo(g,h,i)perylene 6.93E-08 = [ 1.17E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Benzo(k)fluoranthene 6.78E-08 = [ 1.14E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Benzyl butyl phthalate 3.35E-09 = [ 5.64E-09 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]

Table B1.11
SMA 3 - Daily Intake Calculations: Industrial/Commercial Worker

Dermal Contact with Chemicals in Soil
Bluestone Coke, Birmingham, AL



Equation DAD = [ DAevent x EF x ED x EV x SA ] / [ BW x AT ]
Units mg/kg-day mg/cm2-event days/year years events/day cm2 kg days

Table B1.11
SMA 3 - Daily Intake Calculations: Industrial/Commercial Worker

Dermal Contact with Chemicals in Soil
Bluestone Coke, Birmingham, AL

Carbazole na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Chrysene 1.57E-07 = [ 2.64E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Dibenzo(a,h)anthracene 2.73E-08 = [ 4.60E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Dibenzofuran na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Indeno(1,2,3-cd)pyrene 7.06E-08 = [ 1.19E-07 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Naphthalene 1.82E-05 = [ 3.06E-05 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
N-Nitrosodimethylamine na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Phenanthrene 6.49E-07 = [ 1.09E-06 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Antimony, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Arsenic, Total 4.47E-08 = [ 7.53E-08 x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Chromium, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Cobalt, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Iron, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Manganese, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Mercury, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Selenium, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Thallium, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
Cyanide, Total na = [ na x 5 x 25 x 1 x 3470 ] / [ 80 x 9,125 ]
DAD = dermal absorbed dose (mg/kg-day) EV = event frequency (events/day)
DAevent = absorbed dose per event (mg/cm2-event) SA = skin surface area available for contact (cm2)
EF = exposure frequency (days/year) BW = body weight
ED = exposure duration (years) AT = averaging time
na = not applicable



Equation DAD = [ DAevent x EF x ED x EV x SA ] / [ BW x AT ]
Units mg/kg-day mg/cm2-event days/year years events/day cm2 kg days
CARCINOGENIC EFFECTS
Benzene na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
m- and p-Xylenes na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Tetrachloroethene na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
1-Methylnaphthalene 1.34E-06 = [ 3.16E-06 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
1,2,4-Trichlorobenzene na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
2,4-Dimethylphenol 1.84E-08 = [ 4.33E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
2-Methylnaphthalene 4.32E-06 = [ 1.02E-05 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
2-Methylphenol (o-cresol) 1.73E-08 = [ 4.08E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Acenaphthylene 7.75E-08 = [ 1.83E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Anthracene 1.21E-07 = [ 2.85E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(a)anthracene 1.28E-07 = [ 3.01E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(a)pyrene 8.97E-08 = [ 2.11E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(b)fluoranthene 1.18E-07 = [ 2.77E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(g,h,i)perylene 4.95E-08 = [ 1.17E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzo(k)fluoranthene 4.84E-08 = [ 1.14E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Benzyl butyl phthalate 2.39E-09 = [ 5.64E-09 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Carbazole na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Chrysene 1.12E-07 = [ 2.64E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Dibenzo(a,h)anthracene 1.95E-08 = [ 4.60E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Dibenzofuran na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Indeno(1,2,3-cd)pyrene 5.05E-08 = [ 1.19E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Naphthalene 1.30E-05 = [ 3.06E-05 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
N-Nitrosodimethylamine na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Phenanthrene 4.64E-07 = [ 1.09E-06 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Antimony, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Arsenic, Total 3.20E-08 = [ 7.53E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Chromium, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Cobalt, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Iron, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Manganese, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Mercury, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Selenium, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Thallium, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]
Cyanide, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 25,550 ]

NONCARCINOGENIC EFFECTS
Benzene na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
m- and p-Xylenes na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Tetrachloroethene na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
1-Methylnaphthalene 9.39E-05 = [ 3.16E-06 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
1,2,4-Trichlorobenzene na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
2,4-Dimethylphenol 1.29E-06 = [ 4.33E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
2-Methylnaphthalene 3.02E-04 = [ 1.02E-05 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
2-Methylphenol (o-cresol) 1.21E-06 = [ 4.08E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Acenaphthylene 5.43E-06 = [ 1.83E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Anthracene 8.47E-06 = [ 2.85E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Benzo(a)anthracene 8.95E-06 = [ 3.01E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Benzo(a)pyrene 6.28E-06 = [ 2.11E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Benzo(b)fluoranthene 8.23E-06 = [ 2.77E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Benzo(g,h,i)perylene 3.46E-06 = [ 1.17E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Benzo(k)fluoranthene 3.39E-06 = [ 1.14E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Benzyl butyl phthalate 1.68E-07 = [ 5.64E-09 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]

Table B1.12
SMA 3 - Daily Intake Calculations: Construction Worker

Dermal Contact with Chemicals in Soil
Bluestone Coke, Birmingham, AL



Equation DAD = [ DAevent x EF x ED x EV x SA ] / [ BW x AT ]
Units mg/kg-day mg/cm2-event days/year years events/day cm2 kg days

Table B1.12
SMA 3 - Daily Intake Calculations: Construction Worker

Dermal Contact with Chemicals in Soil
Bluestone Coke, Birmingham, AL

Carbazole na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Chrysene 7.84E-06 = [ 2.64E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Dibenzo(a,h)anthracene 1.37E-06 = [ 4.60E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Dibenzofuran na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Indeno(1,2,3-cd)pyrene 3.53E-06 = [ 1.19E-07 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Naphthalene 9.09E-04 = [ 3.06E-05 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
N-Nitrosodimethylamine na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Phenanthrene 3.24E-05 = [ 1.09E-06 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Antimony, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Arsenic, Total 2.24E-06 = [ 7.53E-08 x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Chromium, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Cobalt, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Iron, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Manganese, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Mercury, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Selenium, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Thallium, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
Cyanide, Total na = [ na x 250 x 1 x 1 x 3470 ] / [ 80 x 365 ]
DAD = dermal absorbed dose (mg/kg-day) EV = event frequency (events/day)
DAevent = absorbed dose per event (mg/cm2-event) SA = skin surface area available for contact (cm2)
EF = exposure frequency (days/year) BW = body weight
ED = exposure duration (years) AT = averaging time
na = not applicable



Equation DAevent = Cshw x Kp x 2 x FA x SQRT ( 6 x tau x ( tevent / ) )
Chemical                   Units mg/kg-event mg/cm3

cm/hr unitless hr/event hr t* tevent

Acenaphthene 4.31E-06 = 1.46E-05 x 0.086 x 2 x 1.0 x SQRT ( 6 x 0.768 x ( 0.5 / 3.14 ) ) 1.8434696 Yes
Acenaphthylene na = 5.91E-06 x na x 2 x 1.0 x SQRT ( 6 x na x ( 0.5 / 3.14 ) ) na Yes
Benzo(a)anthracene 1.20E-05 = 3.94E-06 x 0.552 x 2 x 1.0 x SQRT ( 6 x 1.997 x ( 0.5 / 3.14 ) ) 8.4818238 Yes
Benzene 4.45E-04 = 1.42E-02 x 0.0149 x 2 x 1.0 x SQRT ( 6 x 0.288 x ( 0.5 / 3.14 ) ) 0.6910413 Yes
Benz(a)pyrene 1.77E-05 = 3.86E-06 x 0.713 x 2 x 1.0 x SQRT ( 6 x 2.722 x ( 0.5 / 3.14 ) ) 11.822105 Yes
Benzo(b)fluoranthene 1.33E-05 = 4.96E-06 x 0.417 x 2 x 1.0 x SQRT ( 6 x 2.722 x ( 0.5 / 3.14 ) ) 11.342074 Yes
Benzo(g,h,i)perylene na = 8.74E-06 x na x 2 x 1.0 x SQRT ( 6 x na x ( 0.5 / 3.14 ) ) na Yes
Benzo(k)fluoranthene 8.12E-06 = 1.82E-06 x 0.691 x 2 x 1.0 x SQRT ( 6 x 2.722 x ( 0.5 / 3.14 ) ) 11.797162 Yes
Bis(2-ethylhexyl)phthalate 1.13E-04 = 6.36E-06 x 1.13 x 2 x 1.0 x SQRT ( 6 x 16.18 x ( 0.5 / 3.14 ) ) 72.882395 Yes
Bromodichloromethane 8.79E-09 = 6.00E-07 x 0.00402 x 2 x 1.0 x SQRT ( 6 x 0.87 x ( 0.5 / 3.14 ) ) 2.0869305 Yes
Carbazole na = 1.12E-04 x na x 2 x 1.0 x SQRT ( 6 x na x ( 0.5 / 3.14 ) ) na Yes
Chlorobenzene 5.09E-06 = 6.89E-05 x 0.0282 x 2 x 1.0 x SQRT ( 6 x 0.449 x ( 0.5 / 3.14 ) ) 1.0774472 Yes
Chloroform 1.99E-08 = 1.06E-06 x 0.00683 x 2 x 1.0 x SQRT ( 6 x 0.49 x ( 0.5 / 3.14 ) ) 1.1764893 Yes
Chrysene 4.29E-06 = 1.30E-06 x 0.596 x 2 x 1.0 x SQRT ( 6 x 1.997 x ( 0.5 / 3.14 ) ) 8.5324003 Yes
Dibenz(a,h)anthracene 7.73E-06 = 1.77E-06 x 0.953 x 2 x 0.6 x SQRT ( 6 x 3.808 x ( 0.5 / 3.14 ) ) 16.878565 Yes
Dibenzofuran 3.44E-06 = 9.41E-06 x 0.0975 x 2 x 1.0 x SQRT ( 6 x 0.92 x ( 0.5 / 3.14 ) ) 2.207903 Yes
Dichlorobenzene, 1,4- 1.17E-07 = 7.89E-07 x 0.0453 x 2 x 1.0 x SQRT ( 6 x 0.7 x ( 0.5 / 3.14 ) ) 1.6798093 Yes
Dichloroethane, 1,2- 2.57E-09 = 2.55E-07 x 0.0042 x 2 x 1.0 x SQRT ( 6 x 0.377 x ( 0.5 / 3.14 ) ) 0.9041406 Yes
Dimethylphenol, 2,4- 4.45E-07 = 1.46E-05 x 0.0109 x 2 x 1.0 x SQRT ( 6 x 0.508 x ( 0.5 / 3.14 ) ) 1.2195848 Yes
Ethylbenzene 1.26E-06 = 1.02E-05 x 0.0493 x 2 x 1.0 x SQRT ( 6 x 0.413 x ( 0.5 / 3.14 ) ) 0.9922292 Yes
Fluorene 6.34E-06 = 1.56E-05 x 0.11 x 2 x 1.0 x SQRT ( 6 x 0.897 x ( 0.5 / 3.14 ) ) 2.1522464 Yes
Indeno(1,2,3-cd)pyrene 8.34E-05 = 8.94E-06 x 1.24 x 2 x 1.0 x SQRT ( 6 x 3.71 x ( 0.5 / 3.14 ) ) 16.651939 Yes
Isopropylbenzene 4.03E-06 = 1.63E-05 x 0.0897 x 2 x 1.0 x SQRT ( 6 x 0.495 x ( 0.5 / 3.14 ) ) 1.1889949 Yes
Methylcyclohexane na = 2.54E-06 x na x 2 x 1.0 x SQRT ( 6 x na x ( 0.5 / 3.14 ) ) na Yes
Methylnaphthalene, 1- 1.32E-05 = 4.46E-05 x 0.0931 x 2 x 1.0 x SQRT ( 6 x 0.658 x ( 0.5 / 3.14 ) ) 1.5789922 Yes
Methylnaphthalene, 2- 1.75E-05 = 6.03E-05 x 0.0917 x 2 x 1.0 x SQRT ( 6 x 0.658 x ( 0.5 / 3.14 ) ) 1.5789922 Yes
Naphthalene 4.88E-04 = 3.62E-03 x 0.0466 x 2 x 1.0 x SQRT ( 6 x 0.549 x ( 0.5 / 3.14 ) ) 1.3178561 Yes
Phenanthrene na = 1.06E-05 x na x 2 x 1.0 x SQRT ( 6 x na x ( 0.5 / 3.14 ) ) na Yes
Pyrene 4.50E-06 = 4.79E-06 x 0.201 x 2 x 1.0 x SQRT ( 6 x 1.427 x ( 0.5 / 3.14 ) ) 5.5353071 Yes
Toluene 1.37E-04 = 1.92E-03 x 0.0311 x 2 x 1.0 x SQRT ( 6 x 0.345 x ( 0.5 / 3.14 ) ) 0.8280474 Yes
Trichlorobenzene, 1,2,4- 5.90E-06 = 2.05E-05 x 0.0705 x 2 x 1.0 x SQRT ( 6 x 1.091 x ( 0.5 / 3.14 ) ) 2.6192683 Yes
Xylene, o- 7.88E-07 = 6.66E-06 x 0.0471 x 2 x 1.0 x SQRT ( 6 x 0.413 x ( 0.5 / 3.14 ) ) 0.9922292 Yes
Xylenes, m, p- 2.45E-06 = 1.83E-05 x 0.0532 x 2 x 1.0 x SQRT ( 6 x 0.413 x ( 0.5 / 3.14 ) ) 0.9922292 Yes
Xylenes 3.91E-06 = 3.11E-05 x 0.05 x 2 x 1.0 x SQRT ( 6 x 0.413 x ( 0.5 / 3.14 ) ) 0.9922292 Yes
DAevent = absorbed dose per event
Cshw = chemical concentration remaining in shower water after volatilization
Kp = chemical dermal permeability coefficient in water; source USEPA Regional Screening Levels, Parameters Table (May 2021)
FA = fraction of chemical absorbed; source USEPA RAGS Part E, Supplemental Guidance for Dermal Risk Assessment, Exhibit B-3
SQRT = square root
tau = lag time per event; source USEPA Regional Screening Levels, Parameters Table (May 2021)
tevent = exposure time in shower

t* = time to reach stead-state; source USEPA Regional Screening Levels, Parameters Table (May 2021)
     if tevent event

     if tevent > t*, No - this is not the proper formula for Daevent

na = not applicable; parameters are not available and DAevent cannot be calcualted

Table B2.3a
SMA 3 Groundwater - Industrial/Commercial Worker

for tevent

Bluestone Coke, Birmingham, AL

Absorbed Chemical Dose While Showering - Organic Chemicals



Equation DIingestion = [ CW x IR x EF x ED ] / [ BW x AT ]
Chemical                      Units mg/kg-day mg/L L/day days/year years kg days

CARCINOGENIC EFFECTS
Acenaphthene 8.93E-05 = [ 2.92E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Acenaphthylene 3.61E-05 = [ 1.18E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Benzo(a)anthracene 1.20E-05 = [ 3.94E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Benzene 8.70E-02 = [ 2.85E+01 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Benz(a)pyrene 1.18E-05 = [ 3.86E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Benzo(b)fluoranthene 1.52E-05 = [ 4.96E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Benzo(g,h,i)perylene 2.67E-05 = [ 8.74E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Benzo(k)fluoranthene 5.57E-06 = [ 1.82E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Bis(2-ethylhexyl)phthalate 1.95E-05 = [ 6.36E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Bromodichloromethane 3.67E-06 = [ 1.20E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Carbazole 3.42E-04 = [ 1.12E-01 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Chlorobenzene 4.21E-04 = [ 1.38E-01 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Chloroform 6.50E-06 = [ 2.13E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Chrysene 3.98E-06 = [ 1.30E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Dibenz(a,h)anthracene 5.42E-06 = [ 1.77E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Dibenzofuran 5.75E-05 = [ 1.88E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Dichlorobenzene, 1,4- 4.82E-06 = [ 1.58E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Dichloroethane, 1,2- 1.56E-06 = [ 5.10E-04 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Dimethylphenol, 2,4- 8.95E-05 = [ 2.93E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Ethylbenzene 6.23E-05 = [ 2.04E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Fluorene 9.51E-05 = [ 3.11E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Indeno(1,2,3-cd)pyrene 2.73E-05 = [ 8.94E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Isopropylbenzene 9.99E-05 = [ 3.27E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Methylcyclohexane 1.55E-05 = [ 5.08E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Methylnaphthalene, 1- 2.72E-04 = [ 8.91E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Methylnaphthalene, 2- 3.68E-04 = [ 1.21E-01 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Naphthalene 2.21E-02 = [ 7.24E+00 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Phenanthrene 6.49E-05 = [ 2.12E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Pyrene 2.93E-05 = [ 9.58E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Toluene 1.18E-02 = [ 3.84E+00 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Trichlorobenzene, 1,2,4- 1.25E-04 = [ 4.10E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Xylene, o- 4.07E-05 = [ 1.33E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Xylenes, m, p- 1.12E-04 = [ 3.67E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Xylenes 1.90E-04 = [ 6.22E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Aluminum, Total 7.68E-03 = [ 2.51E+00 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Antimony, Total 3.06E-05 = [ 1.00E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Arsenic, Total 2.67E-05 = [ 8.74E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Barium, Total 6.38E-04 = [ 2.09E-01 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Cadmium, Total 4.35E-06 = [ 1.42E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Chromium, Total 1.80E-05 = [ 5.89E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Cobalt, Total 2.84E-05 = [ 9.28E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Cyanide, Total 9.17E-05 = [ 3.00E-02 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Iron, Total 6.44E-02 = [ 2.11E+01 x 1 x 250 x 25 ] / [ 80 x 25,550 ]

Table B2.1
SMA 3 Groundwater - Industrial/Commercial Worker

Ingestion of Chemicals in Groundwater
Bluestone Coke, Birmingham, AL
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Equation DIingestion = [ CW x IR x EF x ED ] / [ BW x AT ]
Chemical                      Units mg/kg-day mg/L L/day days/year years kg days

Table B2.1
SMA 3 Groundwater - Industrial/Commercial Worker

Ingestion of Chemicals in Groundwater
Bluestone Coke, Birmingham, AL

Manganese, Total 1.85E-02 = [ 6.06E+00 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Mercury 6.73E-07 = [ 2.20E-04 x 1 x 250 x 25 ] / [ 80 x 25,550 ]
Thallium, Total 1.53E-05 = [ 5.00E-03 x 1 x 250 x 25 ] / [ 80 x 25,550 ]

NONCARCINOGENIC EFFECTS
Acenaphthene 2.50E-04 = [ 2.92E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Acenaphthylene 1.01E-04 = [ 1.18E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Benzo(a)anthracene 3.37E-05 = [ 3.94E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Benzene 2.44E-01 = [ 2.85E+01 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Benz(a)pyrene 3.30E-05 = [ 3.86E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Benzo(b)fluoranthene 4.25E-05 = [ 4.96E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Benzo(g,h,i)perylene 7.48E-05 = [ 8.74E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Benzo(k)fluoranthene 1.56E-05 = [ 1.82E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Bis(2-ethylhexyl)phthalate 5.45E-05 = [ 6.36E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Bromodichloromethane 1.03E-05 = [ 1.20E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Carbazole 9.58E-04 = [ 1.12E-01 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Chlorobenzene 1.18E-03 = [ 1.38E-01 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Chloroform 1.82E-05 = [ 2.13E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Chrysene 1.11E-05 = [ 1.30E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Dibenz(a,h)anthracene 1.52E-05 = [ 1.77E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Dibenzofuran 1.61E-04 = [ 1.88E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Dichlorobenzene, 1,4- 1.35E-05 = [ 1.58E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Dichloroethane, 1,2- 4.37E-06 = [ 5.10E-04 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Dimethylphenol, 2,4- 2.51E-04 = [ 2.93E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Ethylbenzene 1.74E-04 = [ 2.04E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Fluorene 2.66E-04 = [ 3.11E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Indeno(1,2,3-cd)pyrene 7.65E-05 = [ 8.94E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Isopropylbenzene 2.80E-04 = [ 3.27E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Methylcyclohexane 4.35E-05 = [ 5.08E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Methylnaphthalene, 1- 7.63E-04 = [ 8.91E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Methylnaphthalene, 2- 1.03E-03 = [ 1.21E-01 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Naphthalene 6.19E-02 = [ 7.24E+00 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Phenanthrene 1.82E-04 = [ 2.12E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Pyrene 8.20E-05 = [ 9.58E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Toluene 3.29E-02 = [ 3.84E+00 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Trichlorobenzene, 1,2,4- 3.51E-04 = [ 4.10E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Xylene, o- 1.14E-04 = [ 1.33E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Xylenes, m, p- 3.14E-04 = [ 3.67E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Xylenes 5.33E-04 = [ 6.22E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Aluminum, Total 2.15E-02 = [ 2.51E+00 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Antimony, Total 8.56E-05 = [ 1.00E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Arsenic, Total 7.49E-05 = [ 8.74E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Barium, Total 1.79E-03 = [ 2.09E-01 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Cadmium, Total 1.22E-05 = [ 1.42E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Chromium, Total 5.04E-05 = [ 5.89E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Cobalt, Total 7.94E-05 = [ 9.28E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Cyanide, Total 2.57E-04 = [ 3.00E-02 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
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Equation DIingestion = [ CW x IR x EF x ED ] / [ BW x AT ]
Chemical                      Units mg/kg-day mg/L L/day days/year years kg days

Table B2.1
SMA 3 Groundwater - Industrial/Commercial Worker

Ingestion of Chemicals in Groundwater
Bluestone Coke, Birmingham, AL

Iron, Total 1.80E-01 = [ 2.11E+01 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Manganese, Total 5.19E-02 = [ 6.06E+00 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Mercury 1.88E-06 = [ 2.20E-04 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
Thallium, Total 4.28E-05 = [ 5.00E-03 x 1 x 250 x 25 ] / [ 80 x 9,125 ]
DIingestion = daily chemical intake via groundwater ingestion ED = exposure duration
CW = chemical concentration in groundwater BW = body weight
IR = water ingestion rate AT = averaging time
EF = exposure frequency
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Equation Cshw = CW x f x CF
Chemical                         Units mg/cm3 mg/L unitless L/cm3
Acenaphthene 1.46E-05 = 2.92E-02 x 5.00E-01 x 1.00E-03
Acenaphthylene 5.91E-06 = 1.18E-02 x 5.00E-01 x 1.00E-03
Benzo(a)anthracene 3.94E-06 = 3.94E-03 x 1.00E+00 x 1.00E-03
Benzene 1.42E-02 = 2.85E+01 x 5.00E-01 x 1.00E-03
Benz(a)pyrene 3.86E-06 = 3.86E-03 x 1.00E+00 x 1.00E-03
Benzo(b)fluoranthene 4.96E-06 = 4.96E-03 x 1.00E+00 x 1.00E-03
Benzo(g,h,i)perylene 8.74E-06 = 8.74E-03 x 1.00E+00 x 1.00E-03
Benzo(k)fluoranthene 1.82E-06 = 1.82E-03 x 1.00E+00 x 1.00E-03
Bis(2-ethylhexyl)phthalate 6.36E-06 = 6.36E-03 x 1.00E+00 x 1.00E-03
Bromodichloromethane 6.00E-07 = 1.20E-03 x 5.00E-01 x 1.00E-03
Carbazole 1.12E-04 = 1.12E-01 x 1.00E+00 x 1.00E-03
Chlorobenzene 6.89E-05 = 1.38E-01 x 5.00E-01 x 1.00E-03
Chloroform 1.06E-06 = 2.13E-03 x 5.00E-01 x 1.00E-03
Chrysene 1.30E-06 = 1.30E-03 x 1.00E+00 x 1.00E-03
Dibenz(a,h)anthracene 1.77E-06 = 1.77E-03 x 1.00E+00 x 1.00E-03
Dibenzofuran 9.41E-06 = 1.88E-02 x 5.00E-01 x 1.00E-03
Dichlorobenzene, 1,4- 7.89E-07 = 1.58E-03 x 5.00E-01 x 1.00E-03
Dichloroethane, 1,2- 2.55E-07 = 5.10E-04 x 5.00E-01 x 1.00E-03
Dimethylphenol, 2,4- 1.46E-05 = 2.93E-02 x 5.00E-01 x 1.00E-03
Ethylbenzene 1.02E-05 = 2.04E-02 x 5.00E-01 x 1.00E-03
Fluorene 1.56E-05 = 3.11E-02 x 5.00E-01 x 1.00E-03
Indeno(1,2,3-cd)pyrene 8.94E-06 = 8.94E-03 x 1.00E+00 x 1.00E-03
Isopropylbenzene 1.63E-05 = 3.27E-02 x 5.00E-01 x 1.00E-03
Methylcyclohexane 2.54E-06 = 5.08E-03 x 5.00E-01 x 1.00E-03
Methylnaphthalene, 1- 4.46E-05 = 8.91E-02 x 5.00E-01 x 1.00E-03
Methylnaphthalene, 2- 6.03E-05 = 1.21E-01 x 5.00E-01 x 1.00E-03
Naphthalene 3.62E-03 = 7.24E+00 x 5.00E-01 x 1.00E-03
Phenanthrene 1.06E-05 = 2.12E-02 x 5.00E-01 x 1.00E-03
Pyrene 4.79E-06 = 9.58E-03 x 5.00E-01 x 1.00E-03
Toluene 1.92E-03 = 3.84E+00 x 5.00E-01 x 1.00E-03
Trichlorobenzene, 1,2,4- 2.05E-05 = 4.10E-02 x 5.00E-01 x 1.00E-03
Xylene, o- 6.66E-06 = 1.33E-02 x 5.00E-01 x 1.00E-03
Xylenes, m, p- 1.83E-05 = 3.67E-02 x 5.00E-01 x 1.00E-03
Xylenes 3.11E-05 = 6.22E-02 x 5.00E-01 x 1.00E-03
Aluminum, Total 2.51E-03 = 2.51E+00 x 1.00E+00 x 1.00E-03
Antimony, Total 1.00E-05 = 1.00E-02 x 1.00E+00 x 1.00E-03
Arsenic, Total 8.74E-06 = 8.74E-03 x 1.00E+00 x 1.00E-03
Barium, Total 2.09E-04 = 2.09E-01 x 1.00E+00 x 1.00E-03
Cadmium, Total 1.42E-06 = 1.42E-03 x 1.00E+00 x 1.00E-03
Chromium, Total 5.89E-06 = 5.89E-03 x 1.00E+00 x 1.00E-03
Cobalt, Total 9.28E-06 = 9.28E-03 x 1.00E+00 x 1.00E-03
Cyanide, Total 3.00E-05 = 3.00E-02 x 1.00E+00 x 1.00E-03

Table B2.2
SMA 3 Groundwater - Industrial/Commercial Worker

Concentration of Chemicals in Shower Water After Volatilization (Cshw)
Bluestone Coke, Birmingham, AL

Page 1 of 2



Equation Cshw = CW x f x CF
Chemical                         Units mg/cm3 mg/L unitless L/cm3

Table B2.2
SMA 3 Groundwater - Industrial/Commercial Worker

Concentration of Chemicals in Shower Water After Volatilization (Cshw)
Bluestone Coke, Birmingham, AL

Iron, Total 2.11E-02 = 2.11E+01 x 1.00E+00 x 1.00E-03
Manganese, Total 6.06E-03 = 6.06E+00 x 1.00E+00 x 1.00E-03
Mercury 1.10E-07 = 2.20E-04 x 5.00E-01 x 1.00E-03
Thallium, Total 5.00E-06 = 5.00E-03 x 1.00E+00 x 1.00E-03
CW = concentration of chemical in groundwater
f = fraction of chemical in water after volatilization; 0.5 for volatile organic chemicals and
      1 for inorganics and semivolatile organic chemicals
CF = conversion factor
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Equation DAevent = Cshw x Kp x tevent

Chemical                         Units mg/cm2-event mg/cm3 cm/hr hr
Aluminum, Total 1.26E-06 = 2.51E-03 x 1.00E-03 x 0.5
Antimony, Total 5.00E-09 = 1.00E-05 x 1.00E-03 x 0.5
Arsenic, Total 4.37E-09 = 8.74E-06 x 1.00E-03 x 0.5
Barium, Total 1.04E-07 = 2.09E-04 x 1.00E-03 x 0.5
Cadmium, Total 7.11E-10 = 1.42E-06 x 1.00E-03 x 0.5
Chromium, Total 5.89E-09 = 5.89E-06 x 2.00E-03 x 0.5
Cobalt, Total 1.86E-09 = 9.28E-06 x 4.00E-04 x 0.5
Cyanide, Total 1.50E-08 = 3.00E-05 x 1.00E-03 x 0.5
Iron, Total 1.05E-05 = 2.11E-02 x 1.00E-03 x 0.5
Manganese, Total 3.03E-06 = 6.06E-03 x 1.00E-03 x 0.5
Mercury 5.50E-11 = 1.10E-07 x 1.00E-03 x 0.5
Thallium, Total 2.50E-09 = 5.00E-06 x 1.00E-03 x 0.5
DAevent = absorbed dose per event (mg/cm2-event)
Cshw = chemical concentration remaining in shower water
Kp = dermal permeability coefficient in water; source: USEPA Regional Screening Levels, Parameters
     Table (May 2021)
tevent = exposure time in shower

Table B2.3b
SMA 3 Groundwater - Industrial/Commercial Workers

Absorbed Chemical Dose while showering - Inorganic Chemicals
Bluestone Coke, Birmingham, AL



Equation DAD = [ DAevent x EF x ED x EV x SA ] / [ BW x AT ]
Chemical                      Units mg/kg-day mg/cm2-event days/year years events/day cm2 kg days

CARCINOGENIC EFFECTS
Acenaphthene 2.75E-04 = [ 4.31E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Acenaphthylene na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Benzo(a)anthracene 7.67E-04 = [ 1.20E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Benzene 2.84E-02 = [ 4.45E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Benz(a)pyrene 1.13E-03 = [ 1.77E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Benzo(b)fluoranthene 8.53E-04 = [ 1.33E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Benzo(g,h,i)perylene na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Benzo(k)fluoranthene 5.19E-04 = [ 8.12E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Bis(2-ethylhexyl)phthalate 7.23E-03 = [ 1.13E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Bromodichloromethane 5.62E-07 = [ 8.79E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Carbazole na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Chlorobenzene 3.25E-04 = [ 5.09E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Chloroform 1.27E-06 = [ 1.99E-08 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Chrysene 2.74E-04 = [ 4.29E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Dibenz(a,h)anthracene 4.94E-04 = [ 7.73E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Dibenzofuran 2.20E-04 = [ 3.44E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Dichlorobenzene, 1,4- 7.47E-06 = [ 1.17E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Dichloroethane, 1,2- 1.64E-07 = [ 2.57E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Dimethylphenol, 2,4- 2.84E-05 = [ 4.45E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Ethylbenzene 8.07E-05 = [ 1.26E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Fluorene 4.05E-04 = [ 6.34E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Indeno(1,2,3-cd)pyrene 5.33E-03 = [ 8.34E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Isopropylbenzene 2.58E-04 = [ 4.03E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Methylcyclohexane na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Methylnaphthalene, 1- 8.41E-04 = [ 1.32E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Methylnaphthalene, 2- 1.12E-03 = [ 1.75E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Naphthalene 3.12E-02 = [ 4.88E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Phenanthrene na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Pyrene 2.87E-04 = [ 4.50E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Toluene 8.77E-03 = [ 1.37E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Trichlorobenzene, 1,2,4- 3.77E-04 = [ 5.90E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Xylene, o- 5.04E-05 = [ 7.88E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Xylenes, m, p- 1.57E-04 = [ 2.45E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Xylenes 2.50E-04 = [ 3.91E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Aluminum, Total 8.03E-05 = [ 1.26E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Antimony, Total 3.20E-07 = [ 5.00E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Arsenic, Total 2.79E-07 = [ 4.37E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Barium, Total 6.67E-06 = [ 1.04E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Cadmium, Total 4.54E-08 = [ 7.11E-10 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Chromium, Total 3.76E-07 = [ 5.89E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Cobalt, Total 1.19E-07 = [ 1.86E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Cyanide, Total 9.59E-07 = [ 1.50E-08 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Iron, Total 6.73E-04 = [ 1.05E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Manganese, Total 1.94E-04 = [ 3.03E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Mercury 3.51E-09 = [ 5.50E-11 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]
Thallium, Total 1.60E-07 = [ 2.50E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 25,550 ]

Table B2.4
SMA 3 Groundwater - Industrial/Commercial Workers

Dermal Absorbed Dose of Chemicals in Groundwater While Showering
Bluestone Coke, Birmingham, AL



Equation DAD = [ DAevent x EF x ED x EV x SA ] / [ BW x AT ]
Chemical                      Units mg/kg-day mg/cm2-event days/year years events/day cm2 kg days

Table B2.4
SMA 3 Groundwater - Industrial/Commercial Workers

Dermal Absorbed Dose of Chemicals in Groundwater While Showering
Bluestone Coke, Birmingham, AL

NONCARCINOGENIC EFFECTS
Acenaphthene 7.70E-04 = [ 4.31E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Acenaphthylene na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Benzo(a)anthracene 2.15E-03 = [ 1.20E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Benzene 7.96E-02 = [ 4.45E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Benz(a)pyrene 3.17E-03 = [ 1.77E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Benzo(b)fluoranthene 2.39E-03 = [ 1.33E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Benzo(g,h,i)perylene na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Benzo(k)fluoranthene 1.45E-03 = [ 8.12E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Bis(2-ethylhexyl)phthalate 2.02E-02 = [ 1.13E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Bromodichloromethane 1.57E-06 = [ 8.79E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Carbazole na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Chlorobenzene 9.11E-04 = [ 5.09E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Chloroform 3.56E-06 = [ 1.99E-08 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Chrysene 7.67E-04 = [ 4.29E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Dibenz(a,h)anthracene 1.38E-03 = [ 7.73E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Dibenzofuran 6.15E-04 = [ 3.44E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Dichlorobenzene, 1,4- 2.09E-05 = [ 1.17E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Dichloroethane, 1,2- 4.60E-07 = [ 2.57E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Dimethylphenol, 2,4- 7.96E-05 = [ 4.45E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Ethylbenzene 2.26E-04 = [ 1.26E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Fluorene 1.13E-03 = [ 6.34E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Indeno(1,2,3-cd)pyrene 1.49E-02 = [ 8.34E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Isopropylbenzene 7.21E-04 = [ 4.03E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Methylcyclohexane na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Methylnaphthalene, 1- 2.35E-03 = [ 1.32E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Methylnaphthalene, 2- 3.14E-03 = [ 1.75E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Naphthalene 8.74E-02 = [ 4.88E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Phenanthrene na = [ na x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Pyrene 8.05E-04 = [ 4.50E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Toluene 2.46E-02 = [ 1.37E-04 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Trichlorobenzene, 1,2,4- 1.06E-03 = [ 5.90E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Xylene, o- 1.41E-04 = [ 7.88E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Xylenes, m, p- 4.39E-04 = [ 2.45E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Xylenes 7.00E-04 = [ 3.91E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Aluminum, Total 2.25E-04 = [ 1.26E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Antimony, Total 8.95E-07 = [ 5.00E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Arsenic, Total 7.82E-07 = [ 4.37E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Barium, Total 1.87E-05 = [ 1.04E-07 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Cadmium, Total 1.27E-07 = [ 7.11E-10 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Chromium, Total 1.05E-06 = [ 5.89E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Cobalt, Total 3.32E-07 = [ 1.86E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Cyanide, Total 2.68E-06 = [ 1.50E-08 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Iron, Total 1.89E-03 = [ 1.05E-05 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Manganese, Total 5.42E-04 = [ 3.03E-06 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Mercury 9.84E-09 = [ 5.50E-11 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
Thallium, Total 4.47E-07 = [ 2.50E-09 x 250 x 25 x 1 x 20900 ] / [ 80 x 9,125 ]
DAD = dermal absorbed dose (mg/kg-day) EV = event frequency (events/day)
DAevent = absorbed dose per event (mg/cm2-event) SA = skin surface area available for contact (cm2)
EF = exposure frequency (days/year) BW = body weight
ED = exposure duration (years) AT = averaging time



Equation DADGW-derm = [ CW x SA x Kp x ET x EF x ED x CF ] / [ BW x AT ]
Chemical                        Units mg/kg-day mg/L cm2 cm/hr hr/day days/year years L/cm3 kg days

CARCINOGENIC EFFECTS
Acenaphthene 1.07E-06 = [ 2.92E-02 x 3470 x 8.600E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Acenaphthylene na = [ 1.18E-02 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Benzo(a)anthracene 9.22E-07 = [ 3.94E-03 x 3470 x 5.520E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Benzene 1.80E-04 = [ 2.85E+01 x 3470 x 1.490E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Benz(a)pyrene 1.17E-06 = [ 3.86E-03 x 3470 x 7.130E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Benzo(b)fluoranthene 8.78E-07 = [ 4.96E-03 x 3470 x 4.170E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Benzo(g,h,i)perylene na = [ 8.74E-03 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Benzo(k)fluoranthene 5.34E-07 = [ 1.82E-03 x 3470 x 6.910E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Bis(2-ethylhexyl)phthalate 3.05E-06 = [ 6.36E-03 x 3470 x 1.13E+00 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Bromodichloromethane 2.05E-09 = [ 1.20E-03 x 3470 x 4.020E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Carbazole na = [ 1.12E-01 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Chlorobenzene 1.65E-06 = [ 1.38E-01 x 3470 x 2.820E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Chloroform 6.16E-09 = [ 2.13E-03 x 3470 x 6.830E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Chrysene 3.29E-07 = [ 1.30E-03 x 3470 x 5.960E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Dibenz(a,h)anthracene 7.17E-07 = [ 1.77E-03 x 3470 x 9.530E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Dibenzofuran 7.78E-07 = [ 1.88E-02 x 3470 x 9.750E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Dichlorobenzene, 1,4- 3.03E-08 = [ 1.58E-03 x 3470 x 4.530E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Dichloroethane, 1,2- 9.09E-10 = [ 5.10E-04 x 3470 x 4.200E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Dimethylphenol, 2,4- 1.35E-07 = [ 2.93E-02 x 3470 x 1.090E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Ethylbenzene 4.26E-07 = [ 2.04E-02 x 3470 x 4.930E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Fluorene 1.45E-06 = [ 3.11E-02 x 3470 x 1.100E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Indeno(1,2,3-cd)pyrene 4.70E-06 = [ 8.94E-03 x 3470 x 1.240E+00 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Isopropylbenzene 1.24E-06 = [ 3.27E-02 x 3470 x 8.970E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Methylcyclohexane na = [ 5.08E-03 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Methylnaphthalene, 1- 3.52E-06 = [ 8.91E-02 x 3470 x 9.310E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Methylnaphthalene, 2- 4.69E-06 = [ 1.21E-01 x 3470 x 9.170E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Naphthalene 1.43E-04 = [ 7.24E+00 x 3470 x 4.660E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Phenanthrene na = [ 2.12E-02 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Pyrene 8.17E-07 = [ 9.58E-03 x 3470 x 2.010E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Toluene 5.07E-05 = [ 3.84E+00 x 3470 x 3.110E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Trichlorobenzene, 1,2,4- 1.23E-06 = [ 4.10E-02 x 3470 x 7.050E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Xylene, o- 2.66E-07 = [ 1.33E-02 x 3470 x 4.710E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Xylenes, m, p- 8.28E-07 = [ 3.67E-02 x 3470 x 5.320E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]

Table B2.5
SMA 3 Groundwater - Future Construction Workers

Dermal Absorbed Dose of Chemicals in Groundwater During Trenching
Bluestone Coke, Birmingham, AL



Equation DADGW-derm = [ CW x SA x Kp x ET x EF x ED x CF ] / [ BW x AT ]
Chemical                        Units mg/kg-day mg/L cm2 cm/hr hr/day days/year years L/cm3 kg days

Table B2.5
SMA 3 Groundwater - Future Construction Workers

Dermal Absorbed Dose of Chemicals in Groundwater During Trenching
Bluestone Coke, Birmingham, AL

Xylenes 1.32E-06 = [ 6.22E-02 x 3470 x 5.000E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Aluminum, Total 1.07E-06 = [ 2.51E+00 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Antimony, Total 4.24E-09 = [ 1.00E-02 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Arsenic, Total 3.71E-09 = [ 8.74E-03 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Barium, Total 8.86E-08 = [ 2.09E-01 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Cadmium, Total 6.03E-10 = [ 1.42E-03 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Chromium, Total 5.00E-09 = [ 5.89E-03 x 3470 x 2.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Cobalt, Total 1.57E-09 = [ 9.28E-03 x 3470 x 4.000E-04 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Cyanide, Total 1.27E-08 = [ 3.00E-02 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Iron, Total 8.94E-06 = [ 2.11E+01 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Manganese, Total 2.57E-06 = [ 6.06E+00 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Mercury 9.34E-11 = [ 2.20E-04 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]
Thallium, Total 2.12E-09 = [ 5.00E-03 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 25,550 ]

NONCARCINOGENIC EFFECTS
Acenaphthene 7.47E-05 = [ 2.92E-02 x 3470 x 8.600E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Acenaphthylene na = [ 1.18E-02 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Benzo(a)anthracene 6.45E-05 = [ 3.94E-03 x 3470 x 5.520E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Benzene 1.26E-02 = [ 2.85E+01 x 3470 x 1.490E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Benz(a)pyrene 8.17E-05 = [ 3.86E-03 x 3470 x 7.130E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Benzo(b)fluoranthene 6.14E-05 = [ 4.96E-03 x 3470 x 4.170E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Benzo(g,h,i)perylene na = [ 8.74E-03 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Benzo(k)fluoranthene 3.74E-05 = [ 1.82E-03 x 3470 x 6.910E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Bis(2-ethylhexyl)phthalate 2.14E-04 = [ 6.36E-03 x 3470 x 1.130E+00 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Bromodichloromethane 1.43E-07 = [ 1.20E-03 x 3470 x 4.020E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Carbazole na = [ 1.12E-01 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Chlorobenzene 1.15E-04 = [ 1.38E-01 x 3470 x 2.820E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Chloroform 4.31E-07 = [ 2.13E-03 x 3470 x 6.830E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Chrysene 2.31E-05 = [ 1.30E-03 x 3470 x 5.960E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Dibenz(a,h)anthracene 5.02E-05 = [ 1.77E-03 x 3470 x 9.530E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Dibenzofuran 5.45E-05 = [ 1.88E-02 x 3470 x 9.750E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Dichlorobenzene, 1,4- 2.12E-06 = [ 1.58E-03 x 3470 x 4.530E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Dichloroethane, 1,2- 6.36E-08 = [ 5.10E-04 x 3470 x 4.200E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Dimethylphenol, 2,4- 9.48E-06 = [ 2.93E-02 x 3470 x 1.090E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]



Equation DADGW-derm = [ CW x SA x Kp x ET x EF x ED x CF ] / [ BW x AT ]
Chemical                        Units mg/kg-day mg/L cm2 cm/hr hr/day days/year years L/cm3 kg days

Table B2.5
SMA 3 Groundwater - Future Construction Workers

Dermal Absorbed Dose of Chemicals in Groundwater During Trenching
Bluestone Coke, Birmingham, AL

Ethylbenzene 2.98E-05 = [ 2.04E-02 x 3470 x 4.930E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Fluorene 1.02E-04 = [ 3.11E-02 x 3470 x 1.100E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Indeno(1,2,3-cd)pyrene 3.29E-04 = [ 8.94E-03 x 3470 x 1.240E+00 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Isopropylbenzene 8.70E-05 = [ 3.27E-02 x 3470 x 8.970E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Methylcyclohexane na = [ 5.08E-03 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Methylnaphthalene, 1- 2.46E-04 = [ 8.91E-02 x 3470 x 9.310E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Methylnaphthalene, 2- 3.28E-04 = [ 1.21E-01 x 3470 x 9.170E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Naphthalene 1.00E-02 = [ 7.24E+00 x 3470 x 4.660E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Phenanthrene na = [ 2.12E-02 x 3470 x na x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Pyrene 5.72E-05 = [ 9.58E-03 x 3470 x 2.010E-01 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Toluene 3.55E-03 = [ 3.84E+00 x 3470 x 3.110E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Trichlorobenzene, 1,2,4- 8.59E-05 = [ 4.10E-02 x 3470 x 7.050E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Xylene, o- 1.86E-05 = [ 1.33E-02 x 3470 x 4.710E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Xylenes, m, p- 5.79E-05 = [ 3.67E-02 x 3470 x 5.320E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Xylenes 9.25E-05 = [ 6.22E-02 x 3470 x 5.000E-02 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Aluminum, Total 7.46E-05 = [ 2.51E+00 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Antimony, Total 2.97E-07 = [ 1.00E-02 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Arsenic, Total 2.60E-07 = [ 8.74E-03 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Barium, Total 6.20E-06 = [ 2.09E-01 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Cadmium, Total 4.22E-08 = [ 1.42E-03 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Chromium, Total 3.50E-07 = [ 5.89E-03 x 3470 x 2.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Cobalt, Total 1.10E-07 = [ 9.28E-03 x 3470 x 4.000E-04 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Cyanide, Total 8.91E-07 = [ 3.00E-02 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Iron, Total 6.26E-04 = [ 2.11E+01 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Manganese, Total 1.80E-04 = [ 6.06E+00 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Mercury 6.54E-09 = [ 2.20E-04 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
Thallium, Total 1.49E-07 = [ 5.00E-03 x 3470 x 1.000E-03 x 2 x 125 x 1 x 1.00E-03 ] / [ 80 x 365 ]
DADGWderm = dermal absorbed dose (mg/kg-day) EV = event frequency (events/day)
DAevent = absorbed dose per event (mg/cm2-event) SA = skin surface area available for contact (cm2)
EF = exposure frequency (days/year) BW = body weight
ED = exposure duration (years) AT = averaging time



Equation CAmax = CW x f x Fw x t1 x ( 1 / Va )
Chemical                       Units g/m3 g/L L/hr hr m3

Acenaphthene na = 2.92E+01 x na x 1000 x 0.5 x ( 1 / 6 )
Acenaphthylene na = 1.18E+01 x na x 1000 x 0.5 x ( 1 / 6 )
Benzo(a)anthracene na = 3.94E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Benzene 1.19E+06 = 2.85E+04 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Benz(a)pyrene na = 3.86E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Benzo(b)fluoranthene na = 4.96E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Benzo(g,h,i)perylene na = 8.74E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Benzo(k)fluoranthene na = 1.82E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Bis(2-ethylhexyl)phthalate na = 6.36E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Bromodichloromethane 5.00E+01 = 1.20E+00 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Carbazole na = 1.12E+02 x na x 1000 x 0.5 x ( 1 / 6 )
Chlorobenzene 5.74E+03 = 1.38E+02 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Chloroform 8.86E+01 = 2.13E+00 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Chrysene na = 1.30E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Dibenz(a,h)anthracene na = 1.77E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Dibenzofuran na = 1.88E+01 x na x 1000 x 0.5 x ( 1 / 6 )
Dichlorobenzene, 1,4- 6.57E+01 = 1.58E+00 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Dichloroethane, 1,2- 2.13E+01 = 5.10E-01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Dimethylphenol, 2,4- na = 2.93E+01 x na x 1000 x 0.5 x ( 1 / 6 )
Ethylbenzene 8.49E+02 = 2.04E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Fluorene 1.30E+03 = 3.11E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Indeno(1,2,3-cd)pyrene na = 8.94E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Isopropylbenzene 1.36E+03 = 3.27E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Methylcyclohexane na = 5.08E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Methylnaphthalene, 1- 3.71E+03 = 8.91E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Methylnaphthalene, 2- 5.02E+03 = 1.21E+02 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Naphthalene 3.01E+05 = 7.24E+03 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Phenanthrene na = 2.12E+01 x na x 1000 x 0.5 x ( 1 / 6 )
Pyrene 3.99E+02 = 9.58E+00 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Toluene 1.60E+05 = 3.84E+03 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Trichlorobenzene, 1,2,4- 1.71E+03 = 4.10E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Xylene, o- 5.55E+02 = 1.33E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Xylenes, m, p- 1.53E+03 = 3.67E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Xylenes 2.59E+03 = 6.22E+01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Aluminum, Total na = 2.51E+03 x na x 1000 x 0.5 x ( 1 / 6 )
Antimony, Total na = 1.00E+01 x na x 1000 x 0.5 x ( 1 / 6 )
Arsenic, Total na = 8.74E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Barium, Total na = 2.09E+02 x na x 1000 x 0.5 x ( 1 / 6 )
Cadmium, Total na = 1.42E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Chromium, Total na = 5.89E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Cobalt, Total na = 9.28E+00 x na x 1000 x 0.5 x ( 1 / 6 )
Cyanide, Total na = 3.00E+01 x na x 1000 x 0.5 x ( 1 / 6 )

Bluestone Coke, Birmingham, AL

Table B2.6
SMA 3 Groundwater - Industrial/Commercial Workers

Maximum Chemical Concentration in Air While Showering
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Equation CAmax = CW x f x Fw x t1 x ( 1 / Va )
Chemical                       Units g/m3 g/L L/hr hr m3

Bluestone Coke, Birmingham, AL

Table B2.6
SMA 3 Groundwater - Industrial/Commercial Workers

Maximum Chemical Concentration in Air While Showering

Iron, Total na = 2.11E+04 x na x 1000 x 0.5 x ( 1 / 6 )
Manganese, Total na = 6.06E+03 x na x 1000 x 0.5 x ( 1 / 6 )
Mercury 9.17E+00 = 2.20E-01 x 0.5 x 1000 x 0.5 x ( 1 / 6 )
Thallium, Total na = 5.00E+00 x na x 1000 x 0.5 x ( 1 / 6 )
CAmax = chemical concentration in air
CW = chemical concentration in groundwater
f = fraction volatilized; for volatile chemicals, as indicated on USEPA VISL Calculator (2021)
    Value per Schaum et al. 1994. Estimating Dermal and Inhalatin Expousre to Volatile Chemicals in Domestic Water.
Fw = shower water flow rate
t1 = time of shower
Va = bathroom volume
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Equation CA = [ ( ( CAmax / 2 ) x t1 ) + ( CAmax x t2 ) ] / ( t1 + t2 )
Chemical                      Units µg/m3 µg/m3 hr µg/m3 hr hr hr
Acenaphthene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Acenaphthylene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Benzo(a)anthracene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Benzene 7.91E+05 = [ ( ( 1.19E+06 / 2 ) x 0.5 ) + ( 1.19E+06 0.25 ) ] / ( 0.5 + 0.25 )
Benz(a)pyrene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Benzo(b)fluoranthene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Benzo(g,h,i)perylene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Benzo(k)fluoranthene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Bis(2-ethylhexyl)phthalate na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Bromodichloromethane 3.33E+01 = [ ( ( 5.00E+01 / 2 ) x 0.5 ) + ( 5.00E+01 0.25 ) ] / ( 0.5 + 0.25 )
Carbazole na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Chlorobenzene 3.83E+03 = [ ( ( 5.74E+03 / 2 ) x 0.5 ) + ( 5.74E+03 0.25 ) ] / ( 0.5 + 0.25 )
Chloroform 5.91E+01 = [ ( ( 8.86E+01 / 2 ) x 0.5 ) + ( 8.86E+01 0.25 ) ] / ( 0.5 + 0.25 )
Chrysene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Dibenz(a,h)anthracene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Dibenzofuran na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Dichlorobenzene, 1,4- 4.38E+01 = [ ( ( 6.57E+01 / 2 ) x 0.5 ) + ( 6.57E+01 0.25 ) ] / ( 0.5 + 0.25 )
Dichloroethane, 1,2- 1.42E+01 = [ ( ( 2.13E+01 / 2 ) x 0.5 ) + ( 2.13E+01 0.25 ) ] / ( 0.5 + 0.25 )
Dimethylphenol, 2,4- na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Ethylbenzene 5.66E+02 = [ ( ( 8.49E+02 / 2 ) x 0.5 ) + ( 8.49E+02 0.25 ) ] / ( 0.5 + 0.25 )
Fluorene 8.64E+02 = [ ( ( 1.30E+03 / 2 ) x 0.5 ) + ( 1.30E+03 0.25 ) ] / ( 0.5 + 0.25 )
Indeno(1,2,3-cd)pyrene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Isopropylbenzene 9.07E+02 = [ ( ( 1.36E+03 / 2 ) x 0.5 ) + ( 1.36E+03 0.25 ) ] / ( 0.5 + 0.25 )
Methylcyclohexane na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Methylnaphthalene, 1- 2.48E+03 = [ ( ( 3.71E+03 / 2 ) x 0.5 ) + ( 3.71E+03 0.25 ) ] / ( 0.5 + 0.25 )
Methylnaphthalene, 2- 3.35E+03 = [ ( ( 5.02E+03 / 2 ) x 0.5 ) + ( 5.02E+03 0.25 ) ] / ( 0.5 + 0.25 )
Naphthalene 2.01E+05 = [ ( ( 3.01E+05 / 2 ) x 0.5 ) + ( 3.01E+05 0.25 ) ] / ( 0.5 + 0.25 )
Phenanthrene na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Pyrene 2.66E+02 = [ ( ( 3.99E+02 / 2 ) x 0.5 ) + ( 3.99E+02 0.25 ) ] / ( 0.5 + 0.25 )
Toluene 1.07E+05 = [ ( ( 1.60E+05 / 2 ) x 0.5 ) + ( 1.60E+05 0.25 ) ] / ( 0.5 + 0.25 )
Trichlorobenzene, 1,2,4- 1.14E+03 = [ ( ( 1.71E+03 / 2 ) x 0.5 ) + ( 1.71E+03 0.25 ) ] / ( 0.5 + 0.25 )
Xylene, o- 3.70E+02 = [ ( ( 5.55E+02 / 2 ) x 0.5 ) + ( 5.55E+02 0.25 ) ] / ( 0.5 + 0.25 )
Xylenes, m, p- 1.02E+03 = [ ( ( 1.53E+03 / 2 ) x 0.5 ) + ( 1.53E+03 0.25 ) ] / ( 0.5 + 0.25 )
Xylenes 1.73E+03 = [ ( ( 2.59E+03 / 2 ) x 0.5 ) + ( 2.59E+03 0.25 ) ] / ( 0.5 + 0.25 )
Aluminum, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Antimony, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Arsenic, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Barium, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Cadmium, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Chromium, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Cobalt, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )

Table B2.7
SMA 3 Groundwater - Industrial/Commercial Workers

Chemical Concentration in Air While Showering1

Bluestone Coke, Birmingham, AL
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Equation CA = [ ( ( CAmax / 2 ) x t1 ) + ( CAmax x t2 ) ] / ( t1 + t2 )
Chemical                      Units µg/m3 µg/m3 hr µg/m3 hr hr hr

Table B2.7
SMA 3 Groundwater - Industrial/Commercial Workers

Chemical Concentration in Air While Showering1

Bluestone Coke, Birmingham, AL

Cyanide, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Iron, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Manganese, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
Mercury 6.11E+00 = [ ( ( 9.17E+00 / 2 ) x 0.5 ) + ( 9.17E+00 0.25 ) ] / ( 0.5 + 0.25 )
Thallium, Total na = [ ( ( na / 2 ) x 0.5 ) + ( na 0.25 ) ] / ( 0.5 + 0.25 )
1Source: Schaum, et al., 1994.
CAmax = chemical concentration in air
t1 = time of shower (30 minutes)
t2 = time in bathroom after shower (15 minutes)
na = not applicable
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Equation EC = [ CA x ET x EF x ED x CF ] / [ AT ]
Chemical                     Units g/m3 g/m3 hours/day days/year years days/hour days

CARCINOGENIC EFFECTS
Acenaphthene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Acenaphthylene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Benzo(a)anthracene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Benzene 4.06E+03 = [ 7.91E+05 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Benz(a)pyrene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Benzo(b)fluoranthene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Benzo(g,h,i)perylene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Benzo(k)fluoranthene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Bis(2-ethylhexyl)phthalate na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Bromodichloromethane 1.71E-01 = [ 3.33E+01 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Carbazole na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Chlorobenzene 1.97E+01 = [ 3.83E+03 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Chloroform 3.03E-01 = [ 5.91E+01 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Chrysene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Dibenz(a,h)anthracene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Dibenzofuran na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Dichlorobenzene, 1,4- 2.25E-01 = [ 4.38E+01 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Dichloroethane, 1,2- 7.28E-02 = [ 1.42E+01 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Dimethylphenol, 2,4- na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Ethylbenzene 2.91E+00 = [ 5.66E+02 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Fluorene 4.44E+00 = [ 8.64E+02 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Indeno(1,2,3-cd)pyrene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Isopropylbenzene 4.66E+00 = [ 9.07E+02 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Methylcyclohexane na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Methylnaphthalene, 1- 1.27E+01 = [ 2.48E+03 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Methylnaphthalene, 2- 1.72E+01 = [ 3.35E+03 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Naphthalene 1.03E+03 = [ 2.01E+05 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Phenanthrene na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Pyrene 1.37E+00 = [ 2.66E+02 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Toluene 5.49E+02 = [ 1.07E+05 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Trichlorobenzene, 1,2,4- 5.85E+00 = [ 1.14E+03 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Xylene, o- 1.90E+00 = [ 3.70E+02 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Xylenes, m, p- 5.23E+00 = [ 1.02E+03 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Xylenes 8.88E+00 = [ 1.73E+03 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Aluminum, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Antimony, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Arsenic, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Barium, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Cadmium, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Chromium, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Cobalt, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Cyanide, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Iron, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]

Table B2.8
SMA 3 Groundwater - Industrial/Commercial Workers

Inhalation of Chemicals in Groundwater While Showering
Bluestone Coke, Birmingham, AL
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Equation EC = [ CA x ET x EF x ED x CF ] / [ AT ]
Chemical                     Units g/m3 g/m3 hours/day days/year years days/hour days

Table B2.8
SMA 3 Groundwater - Industrial/Commercial Workers

Inhalation of Chemicals in Groundwater While Showering
Bluestone Coke, Birmingham, AL

Manganese, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Mercury 3.14E-02 = [ 6.11E+00 x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]
Thallium, Total na = [ na x 0.5 x 250 x 25 x 0.042 ] / [ 25,550 ]

NONCARCINOGENIC EFFECTS
Acenaphthene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Acenaphthylene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Benzo(a)anthracene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Benzene 1.14E+04 = [ 7.91E+05 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Benz(a)pyrene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Benzo(b)fluoranthene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Benzo(g,h,i)perylene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Benzo(k)fluoranthene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Bis(2-ethylhexyl)phthalate na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Bromodichloromethane 4.79E-01 = [ 3.33E+01 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Carbazole na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Chlorobenzene 5.51E+01 = [ 3.83E+03 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Chloroform 8.49E-01 = [ 5.91E+01 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Chrysene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Dibenz(a,h)anthracene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Dibenzofuran na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Dichlorobenzene, 1,4- 6.30E-01 = [ 4.38E+01 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Dichloroethane, 1,2- 2.04E-01 = [ 1.42E+01 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Dimethylphenol, 2,4- na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Ethylbenzene 8.14E+00 = [ 5.66E+02 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Fluorene 1.24E+01 = [ 8.64E+02 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Indeno(1,2,3-cd)pyrene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Isopropylbenzene 1.30E+01 = [ 9.07E+02 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Methylcyclohexane na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Methylnaphthalene, 1- 3.56E+01 = [ 2.48E+03 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Methylnaphthalene, 2- 4.81E+01 = [ 3.35E+03 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Naphthalene 2.89E+03 = [ 2.01E+05 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Phenanthrene na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Pyrene 3.83E+00 = [ 2.66E+02 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Toluene 1.54E+03 = [ 1.07E+05 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Trichlorobenzene, 1,2,4- 1.64E+01 = [ 1.14E+03 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Xylene, o- 5.32E+00 = [ 3.70E+02 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Xylenes, m, p- 1.46E+01 = [ 1.02E+03 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Xylenes 2.49E+01 = [ 1.73E+03 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Aluminum, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Antimony, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Arsenic, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Barium, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Cadmium, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Chromium, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Cobalt, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Cyanide, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Iron, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
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Equation EC = [ CA x ET x EF x ED x CF ] / [ AT ]
Chemical                     Units g/m3 g/m3 hours/day days/year years days/hour days

Table B2.8
SMA 3 Groundwater - Industrial/Commercial Workers

Inhalation of Chemicals in Groundwater While Showering
Bluestone Coke, Birmingham, AL

Manganese, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Mercury 8.79E-02 = [ 6.11E+00 x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
Thallium, Total na = [ na x 0.5 x 250 x 25 0.042 ] / [ 9,125 ]
EC = exposure concentration ED = exposure duration
CA = chemical concentration in air CF = conversion factor (1 day/24 hours)
ET = exposure time AT = averaging time
EF = exposure frequency
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Equation: kiG = ( MWH2O / MWi )0.335 x ( T )1.005 x kG, H2O

Chemical                  Units: cm/s g/mol g/mol K cm/s
Acenaphthene 2.05E+02 = ( 8.0E+01 / 1.5E+02 )0.335 x ( 298 )1.005 x 0.833
Acenaphthylene 2.06E+02 = ( 8.0E+01 / 1.5E+02 )0.335 x ( 298 )1.005 x 0.833
Benzo(a)anthracene 1.80E+02 = ( 8.0E+01 / 2.3E+02 )0.335 x ( 298 )1.005 x 0.833
Benzene 2.57E+02 = ( 8.0E+01 / 7.8E+01 )0.335 x ( 298 )1.005 x 0.833
Benz(a)pyrene 1.74E+02 = ( 8.0E+01 / 2.5E+02 )0.335 x ( 298 )1.005 x 0.833
Benzo(b)fluoranthene 1.74E+02 = ( 8.0E+01 / 2.5E+02 )0.335 x ( 298 )1.005 x 0.833
Benzo(g,h,i)perylene 1.69E+02 = ( 8.0E+01 / 2.8E+02 )0.335 x ( 298 )1.005 x 0.833
Benzo(k)fluoranthene 1.74E+02 = ( 8.0E+01 / 2.5E+02 )0.335 x ( 298 )1.005 x 0.833
Bis(2-ethylhexyl)phthalate 1.50E+02 = ( 8.0E+01 / 3.9E+02 )0.335 x ( 298 )1.005 x 0.833
Bromodichloromethane 2.01E+02 = ( 8.0E+01 / 1.6E+02 )0.335 x ( 298 )1.005 x 0.833
Carbazole 2.00E+02 = ( 8.0E+01 / 1.7E+02 )0.335 x ( 298 )1.005 x 0.833
Chlorobenzene 2.28E+02 = ( 8.0E+01 / 1.1E+02 )0.335 x ( 298 )1.005 x 0.833
Chloroform 2.23E+02 = ( 8.0E+01 / 1.2E+02 )0.335 x ( 298 )1.005 x 0.833
Chrysene 1.80E+02 = ( 8.0E+01 / 2.3E+02 )0.335 x ( 298 )1.005 x 0.833
Dibenz(a,h)anthracene 1.68E+02 = ( 8.0E+01 / 2.8E+02 )0.335 x ( 298 )1.005 x 0.833
Dibenzofuran 1.99E+02 = ( 8.0E+01 / 1.7E+02 )0.335 x ( 298 )1.005 x 0.833
Dichlorobenzene, 1,4- 2.08E+02 = ( 8.0E+01 / 1.5E+02 )0.335 x ( 298 )1.005 x 0.833
Dichloroethane, 1,2- 2.38E+02 = ( 8.0E+01 / 9.9E+01 )0.335 x ( 298 )1.005 x 0.833
Dimethylphenol, 2,4- 2.22E+02 = ( 8.0E+01 / 1.2E+02 )0.335 x ( 298 )1.005 x 0.833
Ethylbenzene 2.32E+02 = ( 8.0E+01 / 1.1E+02 )0.335 x ( 298 )1.005 x 0.833
Fluorene 2.00E+02 = ( 8.0E+01 / 1.7E+02 )0.335 x ( 298 )1.005 x 0.833
Indeno(1,2,3-cd)pyrene 1.69E+02 = ( 8.0E+01 / 2.8E+02 )0.335 x ( 298 )1.005 x 0.833
Isopropylbenzene 2.23E+02 = ( 8.0E+01 / 1.2E+02 )0.335 x ( 298 )1.005 x 0.833
Methylcyclohexane 2.38E+02 = ( 8.0E+01 / 9.8E+01 )0.335 x ( 298 )1.005 x 0.833
Methylnaphthalene, 1- 2.11E+02 = ( 8.0E+01 / 1.4E+02 )0.335 x ( 298 )1.005 x 0.833
Methylnaphthalene, 2- 2.11E+02 = ( 8.0E+01 / 1.4E+02 )0.335 x ( 298 )1.005 x 0.833
Naphthalene 2.18E+02 = ( 8.0E+01 / 1.3E+02 )0.335 x ( 298 )1.005 x 0.833
Phenanthrene 1.95E+02 = ( 8.0E+01 / 1.8E+02 )0.335 x ( 298 )1.005 x 0.833
Pyrene 1.87E+02 = ( 8.0E+01 / 2.0E+02 )0.335 x ( 298 )1.005 x 0.833
Toluene 2.44E+02 = ( 8.0E+01 / 9.2E+01 )0.335 x ( 298 )1.005 x 0.833
Trichlorobenzene, 1,2,4- 1.94E+02 = ( 8.0E+01 / 1.8E+02 )0.335 x ( 298 )1.005 x 0.833
Xylene, o- 2.32E+02 = ( 8.0E+01 / 1.1E+02 )0.335 x ( 298 )1.005 x 0.833
Xylenes, m, p- 2.32E+02 = ( 8.0E+01 / 1.1E+02 )0.335 x ( 298 )1.005 x 0.833
Xylenes 2.32E+02 = ( 8.0E+01 / 1.1E+02 )0.335 x ( 298 )1.005 x 0.833
Aluminum, Total 3.68E+02 = ( 8.0E+01 / 2.7E+01 )0.335 x ( 298 )1.005 x 0.833
Antimony, Total 2.22E+02 = ( 8.0E+01 / 1.2E+02 )0.335 x ( 298 )1.005 x 0.833
Arsenic, Total 2.61E+02 = ( 8.0E+01 / 7.5E+01 )0.335 x ( 298 )1.005 x 0.833

Table B2.9
Gas Phase mass Transfer Coeffiecient - Construction Worker, for Volatilization Factor (VF)

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL
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Equation: kiG = ( MWH2O / MWi )0.335 x ( T )1.005 x kG, H2O

Chemical                  Units: cm/s g/mol g/mol K cm/s

Table B2.9
Gas Phase mass Transfer Coeffiecient - Construction Worker, for Volatilization Factor (VF)

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL

Barium, Total 2.13E+02 = ( 8.0E+01 / 1.4E+02 )0.335 x ( 298 )1.005 x 0.833
Cadmium, Total 2.28E+02 = ( 8.0E+01 / 1.1E+02 )0.335 x ( 298 )1.005 x 0.833
Chromium, Total 2.95E+02 = ( 8.0E+01 / 5.2E+01 )0.335 x ( 298 )1.005 x 0.833
Cobalt, Total 2.83E+02 = ( 8.0E+01 / 5.9E+01 )0.335 x ( 298 )1.005 x 0.833
Cyanide, Total 3.72E+02 = ( 8.0E+01 / 2.6E+01 )0.335 x ( 298 )1.005 x 0.833
Iron, Total 2.88E+02 = ( 8.0E+01 / 5.6E+01 )0.335 x ( 298 )1.005 x 0.833
Manganese, Total 2.90E+02 = ( 8.0E+01 / 5.5E+01 )0.335 x ( 298 )1.005 x 0.833
Mercury 1.88E+02 = ( 8.0E+01 / 2.0E+02 )0.335 x ( 298 )1.005 x 0.833
Thallium, Total 1.87E+02 = ( 8.0E+01 / 2.0E+02 )0.335 x ( 298 )1.005 x 0.833
Source: VDEQ.  2020. Virginia Unified Risk Assessment Model (VURAM). Unless otherwise noted below,
     parameters obtained from the VURAM's User's Guide.
kiG = gas-phase mass transfer coeffiecient of chemical (cm/s)
MWH2O = molecular weight of water (g/mol)
MWi  =  molecular weight of chemical (g/mol); source USEPA RSLs Table (May 2021) except for chemicals
    in red font obtained from PubMed
T = temperature (298K)
kG, H2O = gas-phase mass transfer coefficient of water vapor at 25C (0.833 cm/s)
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Equation: kiL = ( MWO2 / MWi )0.5 x ( T ) x kL,O2

Chemical                  Units: cm/s g/mol g/mol K cm/s
Acenaphthene 2.71E-01 = ( 3.2E+01 / 1.5E+02 )0.5 x ( 298 ) x 0.002
Acenaphthylene 2.73E-01 = ( 3.2E+01 / 1.5E+02 )0.5 x ( 298 ) x 0.002
Benzo(a)anthracene 2.23E-01 = ( 3.2E+01 / 2.3E+02 )0.5 x ( 298 ) x 0.002
Benzene 3.81E-01 = ( 3.2E+01 / 7.8E+01 )0.5 x ( 298 ) x 0.002
Benz(a)pyrene 2.12E-01 = ( 3.2E+01 / 2.5E+02 )0.5 x ( 298 ) x 0.002
Benzo(b)fluoranthene 2.12E-01 = ( 3.2E+01 / 2.5E+02 )0.5 x ( 298 ) x 0.002
Benzo(g,h,i)perylene 2.03E-01 = ( 3.2E+01 / 2.8E+02 )0.5 x ( 298 ) x 0.002
Benzo(k)fluoranthene 2.12E-01 = ( 3.2E+01 / 2.5E+02 )0.5 x ( 298 ) x 0.002
Bis(2-ethylhexyl)phthalate 1.71E-01 = ( 3.2E+01 / 3.9E+02 )0.5 x ( 298 ) x 0.002
Bromodichloromethane 2.63E-01 = ( 3.2E+01 / 1.6E+02 )0.5 x ( 298 ) x 0.002
Carbazole 2.61E-01 = ( 3.2E+01 / 1.7E+02 )0.5 x ( 298 ) x 0.002
Chlorobenzene 3.18E-01 = ( 3.2E+01 / 1.1E+02 )0.5 x ( 298 ) x 0.002
Chloroform 3.09E-01 = ( 3.2E+01 / 1.2E+02 )0.5 x ( 298 ) x 0.002
Chrysene 2.23E-01 = ( 3.2E+01 / 2.3E+02 )0.5 x ( 298 ) x 0.002
Dibenz(a,h)anthracene 2.02E-01 = ( 3.2E+01 / 2.8E+02 )0.5 x ( 298 ) x 0.002
Dibenzofuran 2.60E-01 = ( 3.2E+01 / 1.7E+02 )0.5 x ( 298 ) x 0.002
Dichlorobenzene, 1,4- 2.78E-01 = ( 3.2E+01 / 1.5E+02 )0.5 x ( 298 ) x 0.002
Dichloroethane, 1,2- 3.39E-01 = ( 3.2E+01 / 9.9E+01 )0.5 x ( 298 ) x 0.002
Dimethylphenol, 2,4- 3.05E-01 = ( 3.2E+01 / 1.2E+02 )0.5 x ( 298 ) x 0.002
Ethylbenzene 3.27E-01 = ( 3.2E+01 / 1.1E+02 )0.5 x ( 298 ) x 0.002
Fluorene 2.62E-01 = ( 3.2E+01 / 1.7E+02 )0.5 x ( 298 ) x 0.002
Indeno(1,2,3-cd)pyrene 2.03E-01 = ( 3.2E+01 / 2.8E+02 )0.5 x ( 298 ) x 0.002
Isopropylbenzene 3.08E-01 = ( 3.2E+01 / 1.2E+02 )0.5 x ( 298 ) x 0.002
Methylcyclohexane 3.40E-01 = ( 3.2E+01 / 9.8E+01 )0.5 x ( 298 ) x 0.002
Methylnaphthalene, 1- 2.83E-01 = ( 3.2E+01 / 1.4E+02 )0.5 x ( 298 ) x 0.002
Methylnaphthalene, 2- 2.83E-01 = ( 3.2E+01 / 1.4E+02 )0.5 x ( 298 ) x 0.002
Naphthalene 2.98E-01 = ( 3.2E+01 / 1.3E+02 )0.5 x ( 298 ) x 0.002
Phenanthrene 2.53E-01 = ( 3.2E+01 / 1.8E+02 )0.5 x ( 298 ) x 0.002
Pyrene 2.37E-01 = ( 3.2E+01 / 2.0E+02 )0.5 x ( 298 ) x 0.002
Toluene 3.51E-01 = ( 3.2E+01 / 9.2E+01 )0.5 x ( 298 ) x 0.002
Trichlorobenzene, 1,2,4- 2.50E-01 = ( 3.2E+01 / 1.8E+02 )0.5 x ( 298 ) x 0.002
Xylene, o- 3.27E-01 = ( 3.2E+01 / 1.1E+02 )0.5 x ( 298 ) x 0.002
Xylenes, m, p- 3.27E-01 = ( 3.2E+01 / 1.1E+02 )0.5 x ( 298 ) x 0.002
Xylenes 3.27E-01 = ( 3.2E+01 / 1.1E+02 )0.5 x ( 298 ) x 0.002
Aluminum, Total 6.49E-01 = ( 3.2E+01 / 2.7E+01 )0.5 x ( 298 ) x 0.002
Antimony, Total 3.06E-01 = ( 3.2E+01 / 1.2E+02 )0.5 x ( 298 ) x 0.002
Arsenic, Total 3.90E-01 = ( 3.2E+01 / 7.5E+01 )0.5 x ( 298 ) x 0.002

Table B2.10
Liquid-Phase mass Transfer Coeffiecient1 - Construction Worker, for Volatilization Factor (VF)

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL
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Equation: kiL = ( MWO2 / MWi )0.5 x ( T ) x kL,O2

Chemical                  Units: cm/s g/mol g/mol K cm/s

Table B2.10
Liquid-Phase mass Transfer Coeffiecient1 - Construction Worker, for Volatilization Factor (VF)

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL

Barium, Total 2.88E-01 = ( 3.2E+01 / 1.4E+02 )0.5 x ( 298 ) x 0.002
Cadmium, Total 3.18E-01 = ( 3.2E+01 / 1.1E+02 )0.5 x ( 298 ) x 0.002
Chromium, Total 4.68E-01 = ( 3.2E+01 / 5.2E+01 )0.5 x ( 298 ) x 0.002
Cobalt, Total 4.39E-01 = ( 3.2E+01 / 5.9E+01 )0.5 x ( 298 ) x 0.002
Cyanide, Total 6.61E-01 = ( 3.2E+01 / 2.6E+01 )0.5 x ( 298 ) x 0.002
Iron, Total 4.51E-01 = ( 3.2E+01 / 5.6E+01 )0.5 x ( 298 ) x 0.002
Manganese, Total 4.55E-01 = ( 3.2E+01 / 5.5E+01 )0.5 x ( 298 ) x 0.002
Mercury 2.38E-01 = ( 3.2E+01 / 2.0E+02 )0.5 x ( 298 ) x 0.002
Thallium, Total 2.36E-01 = ( 3.2E+01 / 2.0E+02 )0.5 x ( 298 ) x 0.002
Source: VDEQ.  2020. Virginia Unified Risk Assessment Model (VURAM). Unless otherwise noted below,
     parameters obtained from the VURAM's User's Guide.
kiL = liquid-phase mass transfer coefficient of chemical (cm/s)
MWO2 = molecular weight of oxygen (g/mol)
MWi  =  molecular weight of chemical (g/mol); source USEPA RSLs Table (May 2021) except for chemicals
    in red font obtained from PubMed
T = temperature (298K)
kL,O2 = liquid-phase mass transfer coeffiecient of oxygen at 25C (0.002 cm/s)
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Equation: Ki = 1 / [ ( 1 / kiL ) + ( ( R x T ) / ( Hi x kiG ) ) ]
Chemical                  Units: cm/s cm/s atm-m3/mol-K K atm-m3/mol-K cm/s
Acenaphthene 1.09E+00 = 1 / [ ( 1 x 2.7E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.84E-04 x 2.05E+02 ) ) ]
Acenaphthylene na = 1 / [ ( 1 x 2.7E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.06E+02 ) ) ]
Benzo(a)anthracene 8.66E-02 = 1 / [ ( 1 x 2.2E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.20E-05 x 1.80E+02 ) ) ]
Benzene 2.51E+00 = 1 / [ ( 1 x 3.8E-01 ) + ( ( 8.20E-05 x 298 ) / ( 5.55E-03 x 2.57E+02 ) ) ]
Benz(a)pyrene 3.25E-03 = 1 / [ ( 1 x 2.1E-01 ) + ( ( 8.20E-05 x 298 ) / ( 4.57E-07 x 1.74E+02 ) ) ]
Benzo(b)fluoranthene 4.67E-03 = 1 / [ ( 1 x 2.1E-01 ) + ( ( 8.20E-05 x 298 ) / ( 6.57E-07 x 1.74E+02 ) ) ]
Benzo(g,h,i)perylene na = 1 / [ ( 1 x 2.0E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 1.69E+02 ) ) ]
Benzo(k)fluoranthene 4.15E-03 = 1 / [ ( 1 x 2.1E-01 ) + ( ( 8.20E-05 x 298 ) / ( 5.84E-07 x 1.74E+02 ) ) ]
Bis(2-ethylhexyl)phthalate 1.66E-03 = 1 / [ ( 1 x 1.7E-01 ) + ( ( 8.20E-05 x 298 ) / ( 2.70E-07 x 1.50E+02 ) ) ]
Bromodichloromethane 3.12E+00 = 1 / [ ( 1 x 2.6E-01 ) + ( ( 8.20E-05 x 298 ) / ( 2.12E-03 x 2.01E+02 ) ) ]
Carbazole na = 1 / [ ( 1 x 2.6E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.00E+02 ) ) ]
Chlorobenzene 2.84E+00 = 1 / [ ( 1 x 3.2E-01 ) + ( ( 8.20E-05 x 298 ) / ( 3.11E-03 x 2.28E+02 ) ) ]
Chloroform 2.96E+00 = 1 / [ ( 1 x 3.1E-01 ) + ( ( 8.20E-05 x 298 ) / ( 3.67E-03 x 2.23E+02 ) ) ]
Chrysene 3.81E-02 = 1 / [ ( 1 x 2.2E-01 ) + ( ( 8.20E-05 x 298 ) / ( 5.23E-06 x 1.80E+02 ) ) ]
Dibenz(a,h)anthracene 9.70E-04 = 1 / [ ( 1 x 2.0E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.41E-07 x 1.68E+02 ) ) ]
Dibenzofuran 1.20E+00 = 1 / [ ( 1 x 2.6E-01 ) + ( ( 8.20E-05 x 298 ) / ( 2.13E-04 x 1.99E+02 ) ) ]
Dichlorobenzene, 1,4- 3.06E+00 = 1 / [ ( 1 x 2.8E-01 ) + ( ( 8.20E-05 x 298 ) / ( 2.41E-03 x 2.08E+02 ) ) ]
Dichloroethane, 1,2- 2.35E+00 = 1 / [ ( 1 x 3.4E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.18E-03 x 2.38E+02 ) ) ]
Dimethylphenol, 2,4- 8.60E-03 = 1 / [ ( 1 x 3.1E-01 ) + ( ( 8.20E-05 x 298 ) / ( 9.51E-07 x 2.22E+02 ) ) ]
Ethylbenzene 2.94E+00 = 1 / [ ( 1 x 3.3E-01 ) + ( ( 8.20E-05 x 298 ) / ( 7.88E-03 x 2.32E+02 ) ) ]
Fluorene 6.53E-01 = 1 / [ ( 1 x 2.6E-01 ) + ( ( 8.20E-05 x 298 ) / ( 9.62E-05 x 2.00E+02 ) ) ]
Indeno(1,2,3-cd)pyrene 2.40E-03 = 1 / [ ( 1 x 2.0E-01 ) + ( ( 8.20E-05 x 298 ) / ( 3.48E-07 x 1.69E+02 ) ) ]
Isopropylbenzene 3.15E+00 = 1 / [ ( 1 x 3.1E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.15E-02 x 2.23E+02 ) ) ]
Methylcyclohexane na = 1 / [ ( 1 x 3.4E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.38E+02 ) ) ]
Methylnaphthalene, 1- 1.97E+00 = 1 / [ ( 1 x 2.8E-01 ) + ( ( 8.20E-05 x 298 ) / ( 5.14E-04 x 2.11E+02 ) ) ]
Methylnaphthalene, 2- 1.97E+00 = 1 / [ ( 1 x 2.8E-01 ) + ( ( 8.20E-05 x 298 ) / ( 5.18E-04 x 2.11E+02 ) ) ]
Naphthalene 1.81E+00 = 1 / [ ( 1 x 3.0E-01 ) + ( ( 8.20E-05 x 298 ) / ( 4.40E-04 x 2.18E+02 ) ) ]
Phenanthrene na = 1 / [ ( 1 x 2.5E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 1.95E+02 ) ) ]
Pyrene 8.92E-02 = 1 / [ ( 1 x 2.4E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.19E-05 x 1.87E+02 ) ) ]
Toluene 2.73E+00 = 1 / [ ( 1 x 3.5E-01 ) + ( ( 8.20E-05 x 298 ) / ( 6.64E-03 x 2.44E+02 ) ) ]

Table B2.11
Overall Mass Transfer Coeffiecient - Construction Worker, for Volatilization Factor (VF)

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL
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Equation: Ki = 1 / [ ( 1 / kiL ) + ( ( R x T ) / ( Hi x kiG ) ) ]
Chemical                  Units: cm/s cm/s atm-m3/mol-K K atm-m3/mol-K cm/s

Table B2.11
Overall Mass Transfer Coeffiecient - Construction Worker, for Volatilization Factor (VF)

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL

Trichlorobenzene, 1,2,4- 2.95E+00 = 1 / [ ( 1 x 2.5E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.42E-03 x 1.94E+02 ) ) ]
Xylene, o- 2.88E+00 = 1 / [ ( 1 x 3.3E-01 ) + ( ( 8.20E-05 x 298 ) / ( 5.18E-03 x 2.32E+02 ) ) ]
Xylenes, m, p- 2.93E+00 = 1 / [ ( 1 x 3.3E-01 ) + ( ( 8.20E-05 x 298 ) / ( 7.18E-03 x 2.32E+02 ) ) ]
Xylenes 2.91E+00 = 1 / [ ( 1 x 3.3E-01 ) + ( ( 8.20E-05 x 298 ) / ( 6.63E-03 x 2.32E+02 ) ) ]
Aluminum, Total na = 1 / [ ( 1 x 6.5E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 3.68E+02 ) ) ]
Antimony, Total na = 1 / [ ( 1 x 3.1E-01 ) + ( ( 8.20E-05 x 298 ) / ( x 2.22E+02 ) ) ]
Arsenic, Total na = 1 / [ ( 1 x 3.9E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.61E+02 ) ) ]
Barium, Total na = 1 / [ ( 1 x 2.9E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.13E+02 ) ) ]
Cadmium, Total na = 1 / [ ( 1 x 3.2E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.28E+02 ) ) ]
Chromium, Total na = 1 / [ ( 1 x 4.7E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.95E+02 ) ) ]
Cobalt, Total na = 1 / [ ( 1 x 4.4E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.83E+02 ) ) ]
Cyanide, Total 7.63E-01 = 1 / [ ( 1 x 6.6E-01 ) + ( ( 8.20E-05 x 298 ) / ( 1.01E-04 x 3.72E+02 ) ) ]
Iron, Total na = 1 / [ ( 1 x 4.5E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.88E+02 ) ) ]
Manganese, Total na = 1 / [ ( 1 x 4.5E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 2.90E+02 ) ) ]
Mercury 3.95E+00 = 1 / [ ( 1 x 2.4E-01 ) + ( ( 8.20E-05 x 298 ) / ( 8.62E-03 x 1.88E+02 ) ) ]
Thallium, Total na = 1 / [ ( 1 x 2.4E-01 ) + ( ( 8.20E-05 x 298 ) / ( na x 1.87E+02 ) ) ]
Source: VDEQ.  2020. Virginia Unified Risk Assessment Model (VURAM). Unless otherwise noted below,
     parameters obtained from the VURAM's User's Guide.
Ki = overall mass transfer coefficient of chemical (cm/s)
kiL = liquid-phase mass transfer coefficient of chemical (cm/s)

R = ideal gas constant (atm-m3/mol-K)
T = temperature (298K)
Hi = Henry's Law Constant of chemical (atm-m3/mol)
kiG = gas-phase mass transfer coeffiecient of chemical (cm/s)
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Equation: VF = ( Ki x A x F x CF x CF x CF ) / ( ACH x V x Porvad )

Chemical                  Units: L/m3 cm/s m2 unitless L/cm3 cm2/m2 s/hr h-2 m3 cm3/cm3

Acenaphthene 8.59E+03 = ( 1.09E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Acenaphthylene na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Benzo(a)anthracene 6.84E+02 = ( 8.66E-02 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Benzene 1.98E+04 = ( 2.51E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Benz(a)pyrene 2.57E+01 = ( 3.25E-03 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Benzo(b)fluoranthene 3.69E+01 = ( 4.67E-03 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Benzo(g,h,i)perylene na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Benzo(k)fluoranthene 3.28E+01 = ( 4.15E-03 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Bis(2-ethylhexyl)phthalate 1.31E+01 = ( 1.66E-03 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Bromodichloromethane 2.46E+04 = ( 3.12E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Carbazole na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Chlorobenzene 2.24E+04 = ( 2.84E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Chloroform 2.33E+04 = ( 2.96E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Chrysene 3.01E+02 = ( 3.81E-02 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Dibenz(a,h)anthracene 7.66E+00 = ( 9.70E-04 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Dibenzofuran 9.45E+03 = ( 1.20E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Dichlorobenzene, 1,4- 2.42E+04 = ( 3.06E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Dichloroethane, 1,2- 1.85E+04 = ( 2.35E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Dimethylphenol, 2,4- 6.80E+01 = ( 8.60E-03 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Ethylbenzene 2.32E+04 = ( 2.94E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Fluorene 5.16E+03 = ( 6.53E-01 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Indeno(1,2,3-cd)pyrene 1.90E+01 = ( 2.40E-03 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Isopropylbenzene 2.49E+04 = ( 3.15E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Methylcyclohexane na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Methylnaphthalene, 1- 1.55E+04 = ( 1.97E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Methylnaphthalene, 2- 1.56E+04 = ( 1.97E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Naphthalene 1.43E+04 = ( 1.81E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Phenanthrene na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Pyrene 7.05E+02 = ( 8.92E-02 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Toluene 2.16E+04 = ( 2.73E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )

Table B2.12
Volatilization Factor - Construction Worker

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL
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Equation: VF = ( Ki x A x F x CF x CF x CF ) / ( ACH x V x Porvad )

Chemical                  Units: L/m3 cm/s m2 unitless L/cm3 cm2/m2 s/hr h-2 m3 cm3/cm3

Table B2.12
Volatilization Factor - Construction Worker

Inhalation of Chemicals while Trenching
Bluestone Coke, Birmingham, AL

Trichlorobenzene, 1,2,4- 2.33E+04 = ( 2.95E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Xylene, o- 2.27E+04 = ( 2.88E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Xylenes, m, p- 2.31E+04 = ( 2.93E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Xylenes 2.30E+04 = ( 2.91E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Aluminum, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Antimony, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Arsenic, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Barium, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Cadmium, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Chromium, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Cobalt, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Cyanide, Total 6.02E+03 = ( 7.63E-01 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Iron, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Manganese, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Mercury 3.12E+04 = ( 3.95E+00 x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Thallium, Total na = ( na x 2.2204 x 1 x 1.0E-03 x 10000 x 3600 ) / ( 2 x 11.5 x 0.44 )
Source: VDEQ.  2020. Virginia Unified Risk Assessment Model (VURAM). Unless otherwise noted below,
     parameters obtained from the VURAM's User's Guide.
VF = volatilization factor (L/m3)
Ki = overall mass transfer coefficient of chemical (cm/s)

A = trench area (m2); L x W = 2.44 m x 0.91 m = 2.2204 m2

F = fraction of floor through which contaminant can enter (unitless) = 1
CF = conversion factor (L/m3) = 0.001
CF = conversion factor (cm2/m2) = 10000
CF = conversion factor (s/hr) = 3600
ACH = air changes per hour = 2/hour
V = volume of trench (m3) = L x W x D = 2.44 m x 0.91 m x 2.59 m = 11.5 m3

       VURAM recommends that the depth to groundwater be used for trench depth for sites with shallow groundwater
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Equation CAtrench = CW x VFtrench

Chemical                                 Units µg/m3 g/L L/m3

Acenaphthene 2.51E+02 = 2.92E-02 x 8.59E+03
Acenaphthylene na = 1.18E-02 x na
Benzo(a)anthracene 2.69E+00 = 3.94E-03 x 6.84E+02
Benzene 5.64E+05 = 2.85E+01 x 1.98E+04
Benz(a)pyrene 9.89E-02 = 3.86E-03 x 2.57E+01
Benzo(b)fluoranthene 1.83E-01 = 4.96E-03 x 3.69E+01
Benzo(g,h,i)perylene na = 8.74E-03 x na
Benzo(k)fluoranthene 5.97E-02 = 1.82E-03 x 3.28E+01
Bis(2-ethylhexyl)phthalate 8.34E-02 = 6.36E-03 x 1.31E+01
Bromodichloromethane 2.95E+01 = 1.20E-03 x 2.46E+04
Carbazole na = 1.12E-01 x na
Chlorobenzene 3.09E+03 = 1.38E-01 x 2.24E+04
Chloroform 4.96E+01 = 2.13E-03 x 2.33E+04
Chrysene 3.92E-01 = 1.30E-03 x 3.01E+02
Dibenz(a,h)anthracene 1.36E-02 = 1.77E-03 x 7.66E+00
Dibenzofuran 1.78E+02 = 1.88E-02 x 9.45E+03
Dichlorobenzene, 1,4- 3.81E+01 = 1.58E-03 x 2.42E+04
Dichloroethane, 1,2- 9.46E+00 = 5.10E-04 x 1.85E+04
Dimethylphenol, 2,4- 1.99E+00 = 2.93E-02 x 6.80E+01
Ethylbenzene 4.72E+02 = 2.04E-02 x 2.32E+04
Fluorene 1.60E+02 = 3.11E-02 x 5.16E+03
Indeno(1,2,3-cd)pyrene 1.69E-01 = 8.94E-03 x 1.90E+01
Isopropylbenzene 8.14E+02 = 3.27E-02 x 2.49E+04
Methylcyclohexane na = 5.08E-03 x na
Methylnaphthalene, 1- 1.38E+03 = 8.91E-02 x 1.55E+04
Methylnaphthalene, 2- 1.88E+03 = 1.21E-01 x 1.56E+04
Naphthalene 1.03E+05 = 7.24E+00 x 1.43E+04
Phenanthrene na = 2.12E-02 x na
Pyrene 6.75E+00 = 9.58E-03 x 7.05E+02
Toluene 8.29E+04 = 3.84E+00 x 2.16E+04
Trichlorobenzene, 1,2,4- 9.55E+02 = 4.10E-02 x 2.33E+04
Xylene, o- 3.03E+02 = 1.33E-02 x 2.27E+04
Xylenes, m, p- 8.47E+02 = 3.67E-02 x 2.31E+04
Xylenes 1.43E+03 = 6.22E-02 x 2.30E+04
Aluminum, Total na = 2.51E+00 x na
Antimony, Total na = 1.00E-02 x na
Arsenic, Total na = 8.74E-03 x na
Barium, Total na = 2.09E-01 x na
Cadmium, Total na = 1.42E-03 x na
Chromium, Total na = 5.89E-03 x na
Cobalt, Total na = 9.28E-03 x na

Table B2.13
Concentration of Chemicals in the Air of a Trench - Construction Workers

Bluestone Coke, Birmingham, AL
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Equation CAtrench = CW x VFtrench

Chemical                                 Units µg/m3 g/L L/m3

Table B2.13
Concentration of Chemicals in the Air of a Trench - Construction Workers

Bluestone Coke, Birmingham, AL

Cyanide, Total 1.81E+02 = 3.00E-02 x 6.02E+03
Iron, Total na = 2.11E+01 x na
Manganese, Total na = 6.06E+00 x na
Mercury 6.86E+00 = 2.20E-04 x 3.12E+04
Thallium, Total na = 5.00E-03 x na
CA = chemical concentration in air of the trench
CW = chemical concentration in groundwater
VFtrench = volatilization factor, calculated for trench scenario
na = not applicalbe
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Equation EC = CA x ET x EF x ED x CF / AT
Chemical                    Units g/m3 g/m3 hours/day days/year years days/hour days

CARCINOGENIC EFFECTS
Acenaphthene 1.03E-01 = 2.51E+02 x 2 x 125 x 1 x 0.042 / 25,550
Acenaphthylene na = na x 2 x 125 x 1 x 0.042 / 25,550
Benzo(a)anthracene 1.11E-03 = 2.69E+00 x 2 x 125 x 1 x 0.042 / 25,550
Benzene 2.32E+02 = 5.64E+05 x 2 x 125 x 1 x 0.042 / 25,550
Benz(a)pyrene 4.07E-05 = 9.89E-02 x 2 x 125 x 1 x 0.042 / 25,550
Benzo(b)fluoranthene 7.52E-05 = 1.83E-01 x 2 x 125 x 1 x 0.042 / 25,550
Benzo(g,h,i)perylene na = na x 2 x 125 x 1 x 0.042 / 25,550
Benzo(k)fluoranthene 2.45E-05 = 5.97E-02 x 2 x 125 x 1 x 0.042 / 25,550
Bis(2-ethylhexyl)phthalate 3.43E-05 = 8.34E-02 x 2 x 125 x 1 x 0.042 / 25,550
Bromodichloromethane 1.21E-02 = 2.95E+01 x 2 x 125 x 1 x 0.042 / 25,550
Carbazole na = na x 2 x 125 x 1 x 0.042 / 25,550
Chlorobenzene 1.27E+00 = 3.09E+03 x 2 x 125 x 1 x 0.042 / 25,550
Chloroform 2.04E-02 = 4.96E+01 x 2 x 125 x 1 x 0.042 / 25,550
Chrysene 1.61E-04 = 3.92E-01 x 2 x 125 x 1 x 0.042 / 25,550
Dibenz(a,h)anthracene 5.58E-06 = 1.36E-02 x 2 x 125 x 1 x 0.042 / 25,550
Dibenzofuran 7.30E-02 = 1.78E+02 x 2 x 125 x 1 x 0.042 / 25,550
Dichlorobenzene, 1,4- 1.57E-02 = 3.81E+01 x 2 x 125 x 1 x 0.042 / 25,550
Dichloroethane, 1,2- 3.89E-03 = 9.46E+00 x 2 x 125 x 1 x 0.042 / 25,550
Dimethylphenol, 2,4- 8.17E-04 = 1.99E+00 x 2 x 125 x 1 x 0.042 / 25,550
Ethylbenzene 1.94E-01 = 4.72E+02 x 2 x 125 x 1 x 0.042 / 25,550
Fluorene 6.59E-02 = 1.60E+02 x 2 x 125 x 1 x 0.042 / 25,550
Indeno(1,2,3-cd)pyrene 6.96E-05 = 1.69E-01 x 2 x 125 x 1 x 0.042 / 25,550
Isopropylbenzene 3.34E-01 = 8.14E+02 x 2 x 125 x 1 x 0.042 / 25,550
Methylcyclohexane na = na x 2 x 125 x 1 x 0.042 / 25,550
Methylnaphthalene, 1- 5.69E-01 = 1.38E+03 x 2 x 125 x 1 x 0.042 / 25,550
Methylnaphthalene, 2- 7.72E-01 = 1.88E+03 x 2 x 125 x 1 x 0.042 / 25,550
Naphthalene 4.25E+01 = 1.03E+05 x 2 x 125 x 1 x 0.042 / 25,550
Phenanthrene na = na x 2 x 125 x 1 x 0.042 / 25,550
Pyrene 2.77E-03 = 6.75E+00 x 2 x 125 x 1 x 0.042 / 25,550
Toluene 3.41E+01 = 8.29E+04 x 2 x 125 x 1 x 0.042 / 25,550
Trichlorobenzene, 1,2,4- 3.93E-01 = 9.55E+02 x 2 x 125 x 1 x 0.042 / 25,550
Xylene, o- 1.24E-01 = 3.03E+02 x 2 x 125 x 1 x 0.042 / 25,550
Xylenes, m, p- 3.48E-01 = 8.47E+02 x 2 x 125 x 1 x 0.042 / 25,550
Xylenes 5.89E-01 = 1.43E+03 x 2 x 125 x 1 x 0.042 / 25,550
Aluminum, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Antimony, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Arsenic, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Barium, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Cadmium, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Chromium, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Cobalt, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Cyanide, Total 7.43E-02 = 1.81E+02 x 2 x 125 x 1 x 0.042 / 25,550
Iron, Total na = na x 2 x 125 x 1 x 0.042 / 25,550
Manganese, Total na = na x 2 x 125 x 1 x 0.042 / 25,550

Table B2.14
SMA-3 Groundwater - Daily Intake Calculations: Future Construction Worker

Inhalation of Chemicals Volatilized from Groundwater While Trenching
Bluestone Coke, Birmingham, AL
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Equation EC = CA x ET x EF x ED x CF / AT
Chemical                    Units g/m3 g/m3 hours/day days/year years days/hour days

Table B2.14
SMA-3 Groundwater - Daily Intake Calculations: Future Construction Worker

Inhalation of Chemicals Volatilized from Groundwater While Trenching
Bluestone Coke, Birmingham, AL

Mercury 2.82E-03 = 6.86E+00 x 2 x 125 x 1 x 0.042 / 25,550
Thallium, Total na = na x 2 x 125 x 1 x 0.042 / 25,550

NONCARCINOGENIC EFFECTS
Acenaphthene 7.22E+00 = 2.51E+02 x 2 x 125 x 1 0.042 / 365
Acenaphthylene na = na x 2 x 125 x 1 0.042 / 365
Benzo(a)anthracene 7.74E-02 = 2.69E+00 x 2 x 125 x 1 0.042 / 365
Benzene 1.62E+04 = 5.64E+05 x 2 x 125 x 1 0.042 / 365
Benz(a)pyrene 2.85E-03 = 9.89E-02 x 2 x 125 x 1 0.042 / 365
Benzo(b)fluoranthene 5.26E-03 = 1.83E-01 x 2 x 125 x 1 0.042 / 365
Benzo(g,h,i)perylene na = na x 2 x 125 x 1 0.042 / 365
Benzo(k)fluoranthene 1.72E-03 = 5.97E-02 x 2 x 125 x 1 0.042 / 365
Bis(2-ethylhexyl)phthalate 2.40E-03 = 8.34E-02 x 2 x 125 x 1 0.042 / 365
Bromodichloromethane 8.50E-01 = 2.95E+01 x 2 x 125 x 1 0.042 / 365
Carbazole na = na x 2 x 125 x 1 0.042 / 365
Chlorobenzene 8.89E+01 = 3.09E+03 x 2 x 125 x 1 0.042 / 365
Chloroform 1.43E+00 = 4.96E+01 x 2 x 125 x 1 0.042 / 365
Chrysene 1.13E-02 = 3.92E-01 x 2 x 125 x 1 0.042 / 365
Dibenz(a,h)anthracene 3.91E-04 = 1.36E-02 x 2 x 125 x 1 0.042 / 365
Dibenzofuran 5.11E+00 = 1.78E+02 x 2 x 125 x 1 0.042 / 365
Dichlorobenzene, 1,4- 1.10E+00 = 3.81E+01 x 2 x 125 x 1 0.042 / 365
Dichloroethane, 1,2- 2.72E-01 = 9.46E+00 x 2 x 125 x 1 0.042 / 365
Dimethylphenol, 2,4- 5.72E-02 = 1.99E+00 x 2 x 125 x 1 0.042 / 365
Ethylbenzene 1.36E+01 = 4.72E+02 x 2 x 125 x 1 0.042 / 365
Fluorene 4.61E+00 = 1.60E+02 x 2 x 125 x 1 0.042 / 365
Indeno(1,2,3-cd)pyrene 4.87E-03 = 1.69E-01 x 2 x 125 x 1 0.042 / 365
Isopropylbenzene 2.34E+01 = 8.14E+02 x 2 x 125 x 1 0.042 / 365
Methylcyclohexane na = na x 2 x 125 x 1 0.042 / 365
Methylnaphthalene, 1- 3.98E+01 = 1.38E+03 x 2 x 125 x 1 0.042 / 365
Methylnaphthalene, 2- 5.40E+01 = 1.88E+03 x 2 x 125 x 1 0.042 / 365
Naphthalene 2.98E+03 = 1.03E+05 x 2 x 125 x 1 0.042 / 365
Phenanthrene na = na x 2 x 125 x 1 0.042 / 365
Pyrene 1.94E-01 = 6.75E+00 x 2 x 125 x 1 0.042 / 365
Toluene 2.38E+03 = 8.29E+04 x 2 x 125 x 1 0.042 / 365
Trichlorobenzene, 1,2,4- 2.75E+01 = 9.55E+02 x 2 x 125 x 1 0.042 / 365
Xylene, o- 8.70E+00 = 3.03E+02 x 2 x 125 x 1 0.042 / 365
Xylenes, m, p- 2.44E+01 = 8.47E+02 x 2 x 125 x 1 0.042 / 365
Xylenes 4.12E+01 = 1.43E+03 x 2 x 125 x 1 0.042 / 365
Aluminum, Total na = na x 2 x 125 x 1 0.042 / 365
Antimony, Total na = na x 2 x 125 x 1 0.042 / 365
Arsenic, Total na = na x 2 x 125 x 1 0.042 / 365
Barium, Total na = na x 2 x 125 x 1 0.042 / 365
Cadmium, Total na = na x 2 x 125 x 1 0.042 / 365
Chromium, Total na = na x 2 x 125 x 1 0.042 / 365
Cobalt, Total na = na x 2 x 125 x 1 0.042 / 365
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Equation EC = CA x ET x EF x ED x CF / AT
Chemical                    Units g/m3 g/m3 hours/day days/year years days/hour days

Table B2.14
SMA-3 Groundwater - Daily Intake Calculations: Future Construction Worker

Inhalation of Chemicals Volatilized from Groundwater While Trenching
Bluestone Coke, Birmingham, AL

Cyanide, Total 5.20E+00 = 1.81E+02 x 2 x 125 x 1 0.042 / 365
Iron, Total na = na x 2 x 125 x 1 0.042 / 365
Manganese, Total na = na x 2 x 125 x 1 0.042 / 365
Mercury 1.97E-01 = 6.86E+00 x 2 x 125 x 1 0.042 / 365
Thallium, Total na = na x 2 x 125 x 1 0.042 / 365
EC = exposure concentration ED = exposure duration
CA = chemical concentration in air in the trench CF = conversion factor (1 day/24 hours)
ET = exposure time AT = averaging time
EF = exposure frequency
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Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless
Ingestion of Chemicals in Soil
Benzene 1.79E-08 x 5.50E-02 = 9.85E-10 5.02E-08 / 4.00E-03 = 1.25E-05
m- and p-Xylenes 1.13E-06 x na = na 3.17E-06 / 2.00E-01 = 1.59E-05
Tetrachloroethene 3.33E-09 x 2.10E-03 = 7.00E-12 9.33E-09 / 6.00E-03 = 1.56E-06
1-Methylnaphthalene 1.24E-06 x 2.90E-02 = 3.59E-08 3.47E-06 / 7.00E-02 = 4.96E-05
1,2,4-Trichlorobenzene 6.73E-08 x 2.90E-02 = 1.95E-09 1.88E-07 / 1.00E-02 = 1.88E-05
2,4-Dimethylphenol 2.21E-08 x na = na 6.18E-08 / 2.00E-02 = 3.09E-06
2-Methylnaphthalene 3.99E-06 x na = na 1.12E-05 / 4.00E-03 = 2.79E-03
2-Methylphenol (o-cresol) 2.08E-08 x na = na 5.82E-08 / 5.00E-02 = 1.16E-06
Acenaphthylene 9.31E-08 x na = na 2.61E-07 / na = na
Anthracene 1.12E-07 x na = na 3.13E-07 / 3.00E-01 = 1.04E-06
Benzo(a)anthracene 1.18E-07 x 1.00E-01 = 1.18E-08 3.31E-07 / na = na
Benzo(a)pyrene 8.29E-08 x 1.00E+00 = 8.29E-08 2.32E-07 / 3.00E-04 = 7.73E-04
Benzo(b)fluoranthene 1.09E-07 x 1.00E-01 = 1.09E-08 3.04E-07 / na = na
Benzo(g,h,i)perylene 4.57E-08 x na = na 1.28E-07 / na = na
Benzo(k)fluoranthene 4.47E-08 x 1.00E-02 = 4.47E-10 1.25E-07 / na = na
Benzyl butyl phthalate 2.87E-09 x 1.90E-03 = 5.46E-12 8.05E-09 / 2.00E-01 = 4.02E-08
Carbazole 1.74E-07 x na = na 4.88E-07 / na = na
Chrysene 1.03E-07 x 1.00E-03 = 1.03E-10 2.90E-07 / na = na
Dibenzo(a,h)anthracene 1.80E-08 x 1.00E+00 = 1.80E-08 5.05E-08 / na = na
Dibenzofuran 4.96E-07 x na = na 1.39E-06 / 1.00E-03 = 1.39E-03
Indeno(1,2,3-cd)pyrene 4.66E-08 x 1.00E-01 = 4.66E-09 1.30E-07 / na = na
Naphthalene 1.20E-05 x 1.20E-01 = 1.44E-06 3.36E-05 / 2.00E-02 = 1.68E-03
N-Nitrosodimethylamine 1.41E-09 x 5.10E+01 = 7.17E-08 3.94E-09 / 8.00E-06 = 4.92E-04
Phenanthrene 5.57E-07 x na = na 1.56E-06 / na = na
Antimony, Total 2.26E-08 x na = na 6.34E-08 / 4.00E-04 = 1.58E-04
Arsenic, Total 1.28E-07 x 1.50E+00 = 1.92E-07 3.58E-07 / 3.00E-04 = 1.19E-03
Chromium, Total 3.96E-07 x 5.00E-01 = 1.98E-07 1.11E-06 / 3.00E-03 = 3.70E-04
Cobalt, Total 1.51E-07 x na = na 4.23E-07 / 3.00E-04 = 1.41E-03
Iron, Total 3.15E-04 x na = na 8.83E-04 / 7.00E-01 = 1.26E-03
Manganese, Total 8.92E-06 x na = na 2.50E-05 / 2.40E-02 = 1.04E-03
Mercury, Total 4.34E-09 x na = na 1.22E-08 / na = na
Selenium, Total 1.53E-08 x na = na 4.29E-08 / 5.00E-03 = 8.58E-06
Thallium, Total 1.53E-08 x na = na 4.29E-08 / 1.00E-05 = 4.29E-03
Cyanide, Total 1.83E-08 x na = na 5.14E-08 / 6.00E-04 = 8.56E-05

Pathway total = 2.07E-06 Pathway total = 1.70E-02
Inhalation of Chemicals in Soil
Benzene 9.36E-04 x 7.80E-06 = 7.30E-09 2.62E-03 / 3.00E+01 = 8.74E-05
m- and p-Xylenes 3.83E-02 x na = na 1.07E-01 / 1.00E+02 = 1.07E-03
Tetrachloroethene 2.62E-04 x 2.60E-07 = 6.82E-11 7.35E-04 / 4.00E+01 = 1.84E-05
1-Methylnaphthalene 3.92E-03 x na = na 1.10E-02 / na = na
1,2,4-Trichlorobenzene 4.16E-04 x na = na 1.16E-03 / 2.00E+00 = 5.82E-04
2,4-Dimethylphenol 1.30E-05 x na = na 3.63E-05 / na = na
2-Methylnaphthalene 1.27E-02 x na = na 3.57E-02 / na = na
2-Methylphenol (o-cresol) 1.70E-05 x na = na 4.76E-05 / 6.00E+02 = 7.93E-08

Table B3.1
Risk Characterization

Industrial/Commercial Workers Exposed to 0.5 to 15 ft Soil Depths of SMA 3
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects



Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.1
Risk Characterization

Industrial/Commercial Workers Exposed to 0.5 to 15 ft Soil Depths of SMA 3
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Acenaphthylene 4.39E-09 x na = na 1.23E-08 / na = na
Anthracene 4.04E-05 x na = na 1.13E-04 / na = na
Benzo(a)anthracene 5.55E-06 x 6.00E-05 = 3.33E-10 1.55E-05 / na = na
Benzo(a)pyrene 1.12E-06 x 6.00E-04 = 6.70E-10 3.13E-06 / 2.00E-03 = 1.56E-03
Benzo(b)fluoranthene 1.46E-06 x 6.00E-05 = 8.78E-11 4.10E-06 / na = na
Benzo(g,h,i)perylene 2.16E-09 x na = na 6.03E-09 / na = na
Benzo(k)fluoranthene 6.04E-07 x 6.00E-06 = 3.63E-12 1.69E-06 / na = na
Benzyl butyl phthalate 3.38E-07 x na = na 9.47E-07 / na = na
Carbazole 8.22E-09 x na = na 2.30E-08 / na = na
Chrysene 3.66E-06 x 6.00E-07 = 2.19E-12 1.02E-05 / na = na
Dibenzo(a,h)anthracene 1.25E-07 x 6.00E-04 = 7.47E-11 3.49E-07 / na = na
Dibenzofuran 5.91E-04 x na = na 1.65E-03 / na = na
Indeno(1,2,3-cd)pyrene 3.36E-07 x 6.00E-05 = 2.02E-11 9.40E-07 / na = na
Naphthalene 4.80E-02 x 3.40E-05 = 1.63E-06 1.34E-01 / 3.00E+00 = 4.48E-02
N-Nitrosodimethylamine 4.09E-06 x 1.40E-02 = 5.73E-08 1.15E-05 / 4.00E-02 = 2.86E-04
Phenanthrene 2.62E-08 x na = na 7.35E-08 / na = na
Antimony, Total 1.07E-09 x na = na 2.99E-09 / 3.00E-01 = 9.96E-09
Arsenic, Total 6.03E-09 x 4.30E-03 = 2.59E-11 1.69E-08 / 1.50E-02 = 1.13E-06
Chromium, Total 1.87E-08 x 8.40E-02 = 1.57E-09 5.23E-08 / 1.00E-01 = 5.23E-07
Cobalt, Total 7.13E-09 x 9.00E-03 = 6.42E-11 2.00E-08 / 6.00E-03 = 3.33E-06
Iron, Total 1.49E-05 x na = na 4.16E-05 / na = na
Manganese, Total 4.21E-07 x na = na 1.18E-06 / 5.00E-02 = 2.36E-05
Mercury, Total 2.31E-05 x na = na 6.47E-05 / 3.00E-01 = 2.16E-04
Selenium, Total 7.22E-10 x na = na 2.02E-09 / 2.00E+01 = 1.01E-10
Thallium, Total 7.22E-10 x na = na 2.02E-09 / na = na
Cyanide, Total 6.41E-05 x na = na 1.79E-04 / 8.00E-01 = 2.24E-04

Pathway total = 1.70E-06 Pathway total = 4.88E-02
Dermal Contact with Chemicals in Soil
Benzene na x 5.50E-02 = na na / 4.00E-03 = na
m- and p-Xylenes na x na = na na / 2.00E-01 = na
Tetrachloroethene na x 2.10E-03 = na na / 6.00E-03 = na
1-Methylnaphthalene 6.71E-07 x 2.90E-02 = 1.95E-08 1.88E-06 / 7.00E-02 = 2.68E-05
1,2,4-Trichlorobenzene na x 2.90E-02 = na na / 1.00E-02 = na
2,4-Dimethylphenol 9.19E-09 x na = na 2.57E-08 / 2.00E-02 = 1.29E-06
2-Methylnaphthalene 2.16E-06 x na = na 6.05E-06 / 4.00E-03 = 1.51E-03
2-Methylphenol (o-cresol) 8.66E-09 x na = na 2.42E-08 / 5.00E-02 = 4.85E-07
Acenaphthylene 3.88E-08 x na = na 1.09E-07 / na = na
Anthracene 6.05E-08 x na = na 1.69E-07 / 3.00E-01 = 5.65E-07
Benzo(a)anthracene 6.40E-08 x 1.00E-01 = 6.40E-09 1.79E-07 / na = na
Benzo(a)pyrene 4.49E-08 x 1.00E+00 = 4.49E-08 1.26E-07 / 3.00E-04 = 4.19E-04
Benzo(b)fluoranthene 5.88E-08 x 1.00E-01 = 5.88E-09 1.65E-07 / na = na
Benzo(g,h,i)perylene 2.47E-08 x na = na 6.93E-08 / na = na
Benzo(k)fluoranthene 2.42E-08 x 1.00E-02 = 2.42E-10 6.78E-08 / na = na
Benzyl butyl phthalate 1.20E-09 x 1.90E-03 = 2.27E-12 3.35E-09 / 2.00E-01 = 1.68E-08
Carbazole na x na = na na / na = na



Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.1
Risk Characterization

Industrial/Commercial Workers Exposed to 0.5 to 15 ft Soil Depths of SMA 3
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Chrysene 5.60E-08 x 1.00E-03 = 5.60E-11 1.57E-07 / na = na
Dibenzo(a,h)anthracene 9.76E-09 x 1.00E+00 = 9.76E-09 2.73E-08 / na = na
Dibenzofuran na x na = na na / 1.00E-03 = na
Indeno(1,2,3-cd)pyrene 2.52E-08 x 1.00E-01 = 2.52E-09 7.06E-08 / na = na
Naphthalene 6.50E-06 x 1.20E-01 = 7.79E-07 1.82E-05 / 2.00E-02 = 9.09E-04
N-Nitrosodimethylamine na x 5.10E+01 = na na / 8.00E-06 = na
Phenanthrene 2.32E-07 x na = na 6.49E-07 / na = na
Antimony, Total na x na = na na / 6.00E-05 = na
Arsenic, Total 1.60E-08 x 1.50E+00 = 2.40E-08 4.47E-08 / 3.00E-04 = 1.49E-04
Chromium, Total na x 2.00E+01 = na na / 7.50E-05 = na
Cobalt, Total na x na = na na / 3.00E-04 = na
Iron, Total na x na = na na / 7.00E-01 = na
Manganese, Total na x na = na na / 9.60E-04 = na
Mercury, Total na x na = na na / na = na
Selenium, Total na x na = na na / 5.00E-03 = na
Thallium, Total na x na = na na / 1.00E-05 = na
Cyanide, Total na x na = na na / 6.00E-04 = na

Pathway total = 8.93E-07 Pathway total = 3.02E-03
Chemical Totals
Benzene      Sum of all pathways     = 8.29E-09      Sum of all pathways     = 9.99E-05
m- and p-Xylenes      Sum of all pathways     = --      Sum of all pathways     = 1.09E-03
Tetrachloroethene      Sum of all pathways     = 7.52E-11      Sum of all pathways     = 1.99E-05
1-Methylnaphthalene      Sum of all pathways     = 5.54E-08      Sum of all pathways     = 7.64E-05
1,2,4-Trichlorobenzene      Sum of all pathways     = 1.95E-09      Sum of all pathways     = 6.01E-04
2,4-Dimethylphenol      Sum of all pathways     = --      Sum of all pathways     = 4.38E-06
2-Methylnaphthalene      Sum of all pathways     = --      Sum of all pathways     = 4.30E-03
2-Methylphenol (o-cresol)      Sum of all pathways     = --      Sum of all pathways     = 1.73E-06
Acenaphthylene      Sum of all pathways     = --      Sum of all pathways     = --
Anthracene      Sum of all pathways     = --      Sum of all pathways     = 1.61E-06
Benzo(a)anthracene      Sum of all pathways     = 1.85E-08      Sum of all pathways     = --
Benzo(a)pyrene      Sum of all pathways     = 1.28E-07      Sum of all pathways     = 2.76E-03
Benzo(b)fluoranthene      Sum of all pathways     = 1.68E-08      Sum of all pathways     = --
Benzo(g,h,i)perylene      Sum of all pathways     = --      Sum of all pathways     = --
Benzo(k)fluoranthene      Sum of all pathways     = 6.93E-10      Sum of all pathways     = --
Benzyl butyl phthalate      Sum of all pathways     = 7.74E-12      Sum of all pathways     = 5.70E-08
Carbazole      Sum of all pathways     = --      Sum of all pathways     = --
Chrysene      Sum of all pathways     = 1.62E-10      Sum of all pathways     = --
Dibenzo(a,h)anthracene      Sum of all pathways     = 2.79E-08      Sum of all pathways     = --
Dibenzofuran      Sum of all pathways     = --      Sum of all pathways     = 1.39E-03
Indeno(1,2,3-cd)pyrene      Sum of all pathways     = 7.20E-09      Sum of all pathways     = --
Naphthalene      Sum of all pathways     = 3.85E-06      Sum of all pathways     = 4.73E-02
N-Nitrosodimethylamine      Sum of all pathways     = 1.29E-07      Sum of all pathways     = 7.79E-04
Phenanthrene      Sum of all pathways     = --      Sum of all pathways     = --
Antimony, Total      Sum of all pathways     = --      Sum of all pathways     = 1.58E-04
Arsenic, Total      Sum of all pathways     = 2.16E-07      Sum of all pathways     = 1.34E-03



Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.1
Risk Characterization

Industrial/Commercial Workers Exposed to 0.5 to 15 ft Soil Depths of SMA 3
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Chromium, Total      Sum of all pathways     = 2.00E-07      Sum of all pathways     = 3.70E-04
Cobalt, Total      Sum of all pathways     = 6.42E-11      Sum of all pathways     = 1.41E-03
Iron, Total      Sum of all pathways     = --      Sum of all pathways     = 1.26E-03
Manganese, Total      Sum of all pathways     = --      Sum of all pathways     = 1.06E-03
Mercury, Total      Sum of all pathways     = --      Sum of all pathways     = 2.16E-04
Selenium, Total      Sum of all pathways     = --      Sum of all pathways     = 8.58E-06
Thallium, Total      Sum of all pathways     = --      Sum of all pathways     = 4.29E-03
Cyanide, Total      Sum of all pathways     = --      Sum of all pathways     = 3.10E-04

Total Carcinogenic Risk Total Noncarcinogenic Hazard
All Pathways and Chemicals = 4.66E-06 All Pathways and Chemicals = 6.18E-02

DI = Chemical Daily Intake Bold results indicates ELCRs exceeding 1E-06 for
SF = Cancer Slope Factor; oral or dermal, as appropriate carcinogens or HQs exceeding 1 for noncarcinogens.
ELCR = Excess Lifetime Cancer Risk
RfD = Noncancer Reference Dose; oral or dermal, For the inhalation pathway, the Inhalation Unit Risk, with

     as appropriate units of ( g/m3)-1, is used as the toxicity value, rather
HQ = Hazard Quotient than the SF.
na or "--" = not applicable; intake could not be calculated
     or toxicity factors are not available



Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless
Ingestion of Chemicals in Soil
Benzene 1.18E-07 x 5.50E-02 = 6.50E-09 8.28E-06 / 1.00E-02 = 8.28E-04
m- and p-Xylenes 7.48E-06 x na = na 5.24E-04 / 4.00E-01 = 1.31E-03
Tetrachloroethene 2.20E-08 x 2.10E-03 = 4.62E-11 1.54E-06 / 8.00E-03 = 1.92E-04
1-Methylnaphthalene 8.18E-06 x 2.90E-02 = 2.37E-07 5.73E-04 / 7.00E-02 = 8.18E-03
1,2,4-Trichlorobenzene 4.44E-07 x 2.90E-02 = 1.29E-08 3.11E-05 / 9.00E-02 = 3.45E-04
2,4-Dimethylphenol 1.46E-07 x na = na 1.02E-05 / 5.00E-02 = 2.04E-04
2-Methylnaphthalene 2.63E-05 x na = na 1.84E-03 / 4.00E-03 = 4.61E-01
2-Methylphenol (o-cresol) 1.37E-07 x na = na 9.61E-06 / 2.00E-01 = 4.80E-05
Acenaphthylene 6.14E-07 x na = na 4.30E-05 / na = na
Anthracene 7.38E-07 x na = na 5.16E-05 / 2.00E-01 = 2.58E-04
Benzo(a)anthracene 7.80E-07 x 1.00E-01 = 7.80E-08 5.46E-05 / na = na
Benzo(a)pyrene 5.47E-07 x 1.00E+00 = 5.47E-07 3.83E-05 / 3.00E-04 = 1.28E-01
Benzo(b)fluoranthene 7.16E-07 x 1.00E-01 = 7.16E-08 5.01E-05 / na = na
Benzo(g,h,i)perylene 3.02E-07 x na = na 2.11E-05 / na = na
Benzo(k)fluoranthene 2.95E-07 x 1.00E-02 = 2.95E-09 2.07E-05 / na = na
Benzyl butyl phthalate 1.90E-08 x 1.90E-03 = 3.60E-11 1.33E-06 / 2.00E+00 = 6.64E-07
Carbazole 1.15E-06 x na = na 8.05E-05 / na = na
Chrysene 6.83E-07 x 1.00E-03 = 6.83E-10 4.78E-05 / na = na
Dibenzo(a,h)anthracene 1.19E-07 x 1.00E+00 = 1.19E-07 8.33E-06 / na = na
Dibenzofuran 3.27E-06 x na = na 2.29E-04 / 1.00E-03 = 2.29E-01
Indeno(1,2,3-cd)pyrene 3.08E-07 x 1.00E-01 = 3.08E-08 2.15E-05 / na = na
Naphthalene 7.92E-05 x 1.20E-01 = 9.50E-06 5.54E-03 / 6.00E-01 = 9.24E-03
N-Nitrosodimethylamine 9.28E-09 x 5.10E+01 = 4.73E-07 6.50E-07 / 8.00E-06 = 8.12E-02
Phenanthrene 3.67E-06 x na = na 2.57E-04 / na = na
Antimony, Total 1.49E-07 x na = na 1.05E-05 / 4.00E-04 = 2.61E-02
Arsenic, Total 8.44E-07 x 1.50E+00 = 1.27E-06 5.91E-05 / 3.00E-04 = 1.97E-01
Chromium, Total 2.61E-06 x 5.00E-01 = 1.31E-06 1.83E-04 / 5.00E-03 = 3.66E-02
Cobalt, Total 9.98E-07 x na = na 6.98E-05 / 3.00E-03 = 2.33E-02
Iron, Total 2.08E-03 x na = na 1.46E-01 / 7.00E-01 = 2.08E-01
Manganese, Total 5.89E-05 x na = na 4.12E-03 / 2.40E-02 = 1.72E-01
Mercury, Total 2.87E-08 x na = na 2.01E-06 / na = na
Selenium, Total 1.01E-07 x na = na 7.08E-06 / 5.00E-03 = 1.42E-03
Thallium, Total 1.01E-07 x na = na 7.08E-06 / 4.00E-05 = 1.77E-01
Cyanide, Total 1.21E-07 x na = na 8.48E-06 / 2.00E-02 = 4.24E-04

Pathway total = 1.37E-05 Pathway total = 1.76E+00
Inhalation of Chemicals in Soil
Benzene 1.87E-03 x 7.80E-06 = 1.46E-08 1.31E-01 / 3.00E+01 = 4.37E-03
m- and p-Xylenes 7.65E-02 x na = na 5.36E+00 / 4.00E+02 = 1.34E-02
Tetrachloroethene 5.25E-04 x 2.60E-07 = 1.36E-10 3.67E-02 / 4.07E+01 = 9.03E-04
1-Methylnaphthalene 7.83E-03 x na = na 5.48E-01 / na = na
1,2,4-Trichlorobenzene 8.32E-04 x na = na 5.82E-02 / 2.00E+01 = 2.91E-03
2,4-Dimethylphenol 2.59E-05 x na = na 1.81E-03 / na = na
2-Methylnaphthalene 2.55E-02 x na = na 1.78E+00 / na = na
2-Methylphenol (o-cresol) 3.40E-05 x na = na 2.38E-03 / 6.00E+02 = 3.97E-06

Table B3.2
Risk Characterization

SMA 3 - Construction Workers Exposed to Soil
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects



Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.2
Risk Characterization

SMA 3 - Construction Workers Exposed to Soil
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Acenaphthylene 8.78E-09 x na = na 6.15E-07 / na = na
Anthracene 8.07E-05 x na = na 5.65E-03 / na = na
Benzo(a)anthracene 1.11E-05 x 6.00E-05 = 6.66E-10 7.77E-04 / na = na
Benzo(a)pyrene 2.23E-06 x 6.00E-04 = 1.34E-09 1.56E-04 / 2.00E-03 = 7.82E-02
Benzo(b)fluoranthene 2.93E-06 x 6.00E-05 = 1.76E-10 2.05E-04 / na = na
Benzo(g,h,i)perylene 4.31E-09 x na = na 3.02E-07 / na = na
Benzo(k)fluoranthene 1.21E-06 x 6.00E-06 = 7.25E-12 8.46E-05 / na = na
Benzyl butyl phthalate 6.76E-07 x na = na 4.73E-05 / na = na
Carbazole 1.64E-08 x na = na 1.15E-06 / na = na
Chrysene 7.31E-06 x 6.00E-07 = 4.39E-12 5.12E-04 / na = na
Dibenzo(a,h)anthracene 2.49E-07 x 6.00E-04 = 1.49E-10 1.74E-05 / na = na
Dibenzofuran 1.18E-03 x na = na 8.27E-02 / na = na
Indeno(1,2,3-cd)pyrene 6.72E-07 x 6.00E-05 = 4.03E-11 4.70E-05 / na = na
Naphthalene 9.59E-02 x 3.40E-05 = 3.26E-06 6.71E+00 / 3.00E+00 = 2.24E+00
N-Nitrosodimethylamine 8.18E-06 x 1.40E-02 = 1.15E-07 5.73E-04 / 4.00E-02 = 1.43E-02
Phenanthrene 5.25E-08 x na = na 3.67E-06 / na = na
Antimony, Total 2.13E-09 x na = na 1.49E-07 / 1.00E+00 = 1.49E-07
Arsenic, Total 1.21E-08 x 4.30E-03 = 5.19E-11 8.45E-07 / 1.50E-02 = 5.63E-05
Chromium, Total 3.74E-08 x 8.40E-02 = 3.14E-09 2.61E-06 / 3.00E-01 = 8.72E-06
Cobalt, Total 1.43E-08 x 9.00E-03 = 1.28E-10 9.98E-07 / 2.00E-02 = 4.99E-05
Iron, Total 2.97E-05 x na = na 2.08E-03 / na = na
Manganese, Total 8.42E-07 x na = na 5.89E-05 / 5.00E-02 = 1.18E-03
Mercury, Total 4.62E-05 x na = na 3.24E-03 / 3.00E-01 = 1.08E-02
Selenium, Total 1.44E-09 x na = na 1.01E-07 / 2.00E+01 = 5.06E-09
Thallium, Total 1.44E-09 x na = na 1.01E-07 / na = na
Cyanide, Total 1.28E-04 x na = na 8.97E-03 / 8.00E-01 = 1.12E-02

Pathway total = 3.40E-06 Pathway total = 2.38E+00
Dermal Contact with Chemicals in Soil
Benzene na x 5.50E-02 = na na / 1.00E-02 = na
m- and p-Xylenes na x na = na na / 4.00E-01 = na
Tetrachloroethene na x 2.10E-03 = na na / 8.00E-03 = na
1-Methylnaphthalene 1.34E-06 x 2.90E-02 = 3.89E-08 9.39E-05 / 7.00E-02 = 1.34E-03
1,2,4-Trichlorobenzene na x 2.90E-02 = na na / 9.00E-02 = na
2,4-Dimethylphenol 1.84E-08 x na = na 1.29E-06 / 5.00E-02 = 2.57E-05
2-Methylnaphthalene 4.32E-06 x na = na 3.02E-04 / 4.00E-03 = 7.56E-02
2-Methylphenol (o-cresol) 1.73E-08 x na = na 1.21E-06 / 2.00E-01 = 6.06E-06
Acenaphthylene 7.75E-08 x na = na 5.43E-06 / na = na
Anthracene 1.21E-07 x na = na 8.47E-06 / 2.00E-01 = 4.24E-05
Benzo(a)anthracene 1.28E-07 x 1.00E-01 = 1.28E-08 8.95E-06 / na = na
Benzo(a)pyrene 8.97E-08 x 1.00E+00 = 8.97E-08 6.28E-06 / 3.00E-04 = 2.09E-02
Benzo(b)fluoranthene 1.18E-07 x 1.00E-01 = 1.18E-08 8.23E-06 / na = na
Benzo(g,h,i)perylene 4.95E-08 x na = na 3.46E-06 / na = na
Benzo(k)fluoranthene 4.84E-08 x 1.00E-02 = 4.84E-10 3.39E-06 / na = na
Benzyl butyl phthalate 2.39E-09 x 1.90E-03 = 4.55E-12 1.68E-07 / 2.00E+00 = 8.38E-08
Carbazole na x na = na na / na = na



Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.2
Risk Characterization

SMA 3 - Construction Workers Exposed to Soil
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Chrysene 1.12E-07 x 1.00E-03 = 1.12E-10 7.84E-06 / na = na
Dibenzo(a,h)anthracene 1.95E-08 x 1.00E+00 = 1.95E-08 1.37E-06 / na = na
Dibenzofuran na x na = na na / 1.00E-03 = na
Indeno(1,2,3-cd)pyrene 5.05E-08 x 1.00E-01 = 5.05E-09 3.53E-06 / na = na
Naphthalene 1.30E-05 x 1.20E-01 = 1.56E-06 9.09E-04 / 6.00E-01 = 1.52E-03
N-Nitrosodimethylamine na x 5.10E+01 = na na / 8.00E-06 = na
Phenanthrene 4.64E-07 x na = na 3.24E-05 / na = na
Antimony, Total na x na = na na / 6.00E-05 = na
Arsenic, Total 3.20E-08 x 1.50E+00 = 4.79E-08 2.24E-06 / 3.00E-04 = 7.46E-03
Chromium, Total na x 2.00E+01 = na na / 1.25E-04 = na
Cobalt, Total na x na = na na / 3.00E-03 = na
Iron, Total na x na = na na / 7.00E-01 = na
Manganese, Total na x na = na na / 9.60E-04 = na
Mercury, Total na x na = na na / na = na
Selenium, Total na x na = na na / 5.00E-03 = na
Thallium, Total na x na = na na / 4.00E-05 = na
Cyanide, Total na x na = na na / 2.00E-02 = na

Pathway total = 1.79E-06 Pathway total = 1.07E-01
Chemical Totals
Benzene      Sum of all pathways     = 2.11E-08      Sum of all pathways     = 5.20E-03
m- and p-Xylenes      Sum of all pathways     = --      Sum of all pathways     = 1.47E-02
Tetrachloroethene      Sum of all pathways     = 1.83E-10      Sum of all pathways     = 1.10E-03
1-Methylnaphthalene      Sum of all pathways     = 2.76E-07      Sum of all pathways     = 9.52E-03
1,2,4-Trichlorobenzene      Sum of all pathways     = 1.29E-08      Sum of all pathways     = 3.26E-03
2,4-Dimethylphenol      Sum of all pathways     = --      Sum of all pathways     = 2.30E-04
2-Methylnaphthalene      Sum of all pathways     = --      Sum of all pathways     = 5.36E-01
2-Methylphenol (o-cresol)      Sum of all pathways     = --      Sum of all pathways     = 5.81E-05
Acenaphthylene      Sum of all pathways     = --      Sum of all pathways     = --
Anthracene      Sum of all pathways     = --      Sum of all pathways     = 3.01E-04
Benzo(a)anthracene      Sum of all pathways     = 9.14E-08      Sum of all pathways     = --
Benzo(a)pyrene      Sum of all pathways     = 6.38E-07      Sum of all pathways     = 2.27E-01
Benzo(b)fluoranthene      Sum of all pathways     = 8.36E-08      Sum of all pathways     = --
Benzo(g,h,i)perylene      Sum of all pathways     = --      Sum of all pathways     = --
Benzo(k)fluoranthene      Sum of all pathways     = 3.44E-09      Sum of all pathways     = --
Benzyl butyl phthalate      Sum of all pathways     = 4.06E-11      Sum of all pathways     = 7.48E-07
Carbazole      Sum of all pathways     = --      Sum of all pathways     = --
Chrysene      Sum of all pathways     = 7.99E-10      Sum of all pathways     = --
Dibenzo(a,h)anthracene      Sum of all pathways     = 1.39E-07      Sum of all pathways     = --
Dibenzofuran      Sum of all pathways     = --      Sum of all pathways     = 2.29E-01
Indeno(1,2,3-cd)pyrene      Sum of all pathways     = 3.58E-08      Sum of all pathways     = --
Naphthalene      Sum of all pathways     = 1.43E-05      Sum of all pathways     = 2.25E+00
N-Nitrosodimethylamine      Sum of all pathways     = 5.88E-07      Sum of all pathways     = 9.55E-02
Phenanthrene      Sum of all pathways     = --      Sum of all pathways     = --
Antimony, Total      Sum of all pathways     = --      Sum of all pathways     = 2.61E-02
Arsenic, Total      Sum of all pathways     = 1.31E-06      Sum of all pathways     = 2.05E-01
Chromium, Total      Sum of all pathways     = 1.31E-06      Sum of all pathways     = 3.66E-02
Cobalt, Total      Sum of all pathways     = 1.28E-10      Sum of all pathways     = 2.33E-02
Iron, Total      Sum of all pathways     = --      Sum of all pathways     = 2.08E-01



Equation DI x SF = ELCR DI / RfD = HQ
Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.2
Risk Characterization

SMA 3 - Construction Workers Exposed to Soil
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Manganese, Total      Sum of all pathways     = --      Sum of all pathways     = 1.73E-01
Mercury, Total      Sum of all pathways     = --      Sum of all pathways     = 1.08E-02
Selenium, Total      Sum of all pathways     = --      Sum of all pathways     = 1.42E-03
Thallium, Total      Sum of all pathways     = --      Sum of all pathways     = 1.77E-01
Cyanide, Total      Sum of all pathways     = --      Sum of all pathways     = 1.16E-02

Total Carcinogenic Risk Total Noncarcinogenic Risk
All Pathways and Chemicals = 1.88E-05 All Pathways and Chemicals = 4.24E+00

DI = Chemical Daily Intake Bold results indicates ELCRs exceeding 1E-06 for
SF = Cancer Slope Factor; oral or dermal, as appropriate carcinogens or HQs exceeding 1 for noncarcinogens.
ELCR = Excess Lifetime Cancer Risk
RfD = Noncancer Reference Dose; oral or dermal, For the inhalation pathway, the Inhalation Unit Risk, with

     as appropriate units of ( g/m3)-1, is used as the toxicity value, rather
HQ = Hazard Quotient than the SF.
na or "--" = not applicable; intake could not be calculated
     or toxicity factors are not available



Equation DI x SF = CR DI / RfD = HQ
Chemical                      Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless
Ingestion of Chemicals in Groundwater
Acenaphthene 8.93E-05 x na = na 2.50E-04 / 6.00E-02 = 4.17E-03
Acenaphthylene 3.61E-05 x na = na 1.01E-04 / na = na
Benzo(a)anthracene 1.20E-05 x 1.00E-01 = 1.20E-06 3.37E-05 / na = na
Benzene 8.70E-02 x 5.50E-02 = 4.79E-03 2.44E-01 / 4.00E-03 = 6.09E+01
Benz(a)pyrene 1.18E-05 x 1.00E+00 = 1.18E-05 3.30E-05 / 3.00E-04 = 1.10E-01
Benzo(b)fluoranthene 1.52E-05 x 1.00E-01 = 1.52E-06 4.25E-05 / na = na
Benzo(g,h,i)perylene 2.67E-05 x na = na 7.48E-05 / na = na
Benzo(k)fluoranthene 5.57E-06 x 1.00E-02 = 5.57E-08 1.56E-05 / na = na
Bis(2-ethylhexyl)phthalate 1.95E-05 x 1.40E-02 = 2.72E-07 5.45E-05 / 2.00E-02 = 2.72E-03
Bromodichloromethane 3.67E-06 x 6.20E-02 = 2.27E-07 1.03E-05 / 2.00E-02 = 5.14E-04
Carbazole 3.42E-04 x na = na 9.58E-04 / na = na
Chlorobenzene 4.21E-04 x na = na 1.18E-03 / 2.00E-02 = 5.90E-02
Chloroform 6.50E-06 x 3.10E-02 = 2.02E-07 1.82E-05 / 1.00E-02 = 1.82E-03
Chrysene 3.98E-06 x 1.00E-03 = 3.98E-09 1.11E-05 / na = na
Dibenz(a,h)anthracene 5.42E-06 x 1.00E+00 = 5.42E-06 1.52E-05 / na = na
Dibenzofuran 5.75E-05 x na = na 1.61E-04 / 1.00E-03 = 1.61E-01
Dichlorobenzene, 1,4- 4.82E-06 x 5.40E-03 = 2.60E-08 1.35E-05 / 7.00E-02 = 1.93E-04
Dichloroethane, 1,2- 1.56E-06 x 9.10E-02 = 1.42E-07 4.37E-06 / 6.00E-03 = 7.28E-04
Dimethylphenol, 2,4- 8.95E-05 x na = na 2.51E-04 / 2.00E-02 = 1.25E-02
Ethylbenzene 6.23E-05 x 1.10E-02 = 6.85E-07 1.74E-04 / 1.00E-01 = 1.74E-03
Fluorene 9.51E-05 x na = na 2.66E-04 / 4.00E-02 = 6.66E-03
Indeno(1,2,3-cd)pyrene 2.73E-05 x 1.00E-01 = 2.73E-06 7.65E-05 / na = na
Isopropylbenzene 9.99E-05 x na = na 2.80E-04 / 1.00E-01 = 2.80E-03
Methylcyclohexane 1.55E-05 x na = na 4.35E-05 / na = na
Methylnaphthalene, 1- 2.72E-04 x 2.90E-02 = 7.90E-06 7.63E-04 / 7.00E-02 = 1.09E-02
Methylnaphthalene, 2- 3.68E-04 x na = na 1.03E-03 / 4.00E-03 = 2.58E-01
Naphthalene 2.21E-02 x 1.20E-01 = 2.65E-03 6.19E-02 / 2.00E-02 = 3.10E+00
Phenanthrene 6.49E-05 x na = na 1.82E-04 / na = na
Pyrene 2.93E-05 x na = na 8.20E-05 / 3.00E-02 = 2.73E-03
Toluene 1.18E-02 x na = na 3.29E-02 / 8.00E-02 = 4.11E-01
Trichlorobenzene, 1,2,4- 1.25E-04 x 2.90E-02 = 3.64E-06 3.51E-04 / 1.00E-02 = 3.51E-02
Xylene, o- 4.07E-05 x na = na 1.14E-04 / 2.00E-01 = 5.70E-04
Xylenes, m, p- 1.12E-04 x na = na 3.14E-04 / 2.00E-01 = 1.57E-03
Xylenes 1.90E-04 x na = na 5.33E-04 / 2.00E-01 = 2.66E-03
Aluminum, Total 7.68E-03 x na = na 2.15E-02 / 1.00E+00 = 2.15E-02
Antimony, Total 3.06E-05 x na = na 8.56E-05 / 4.00E-04 = 2.14E-01
Arsenic, Total 2.67E-05 x 1.50E+00 = 4.01E-05 7.49E-05 / 3.00E-04 = 2.50E-01
Barium, Total 6.38E-04 x na = na 1.79E-03 / 2.00E-01 = 8.93E-03
Cadmium, Total 4.35E-06 x na = na 1.22E-05 / 5.00E-04 = 2.43E-02
Chromium, Total 1.80E-05 x 5.00E-01 = 9.00E-06 5.04E-05 / 3.00E-03 = 1.68E-02
Cobalt, Total 2.84E-05 x na = na 7.94E-05 / 3.00E-04 = 2.65E-01
Cyanide, Total 9.17E-05 x na = na 2.57E-04 / 6.00E-04 = 4.28E-01
Iron, Total 6.44E-02 x na = na 1.80E-01 / 7.00E-01 = 2.58E-01
Manganese, Total 1.85E-02 x na = na 5.19E-02 / 2.40E-02 = 2.16E+00
Mercury 6.73E-07 x na = na 1.88E-06 / na = na
Thallium, Total 1.53E-05 x na = na 4.28E-05 / 1.00E-05 = 4.28E+00

Pathway total = 7.53E-03 Pathway total = 7.30E+01

Acenaphthene na x na = na na / na = na
Acenaphthylene na x na = na na / na = na

Table B3.3
SMA 3 Risk Characterization

Industrial/Commercial Workers Exposed to Groundwater via Direct Contact
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects
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Equation DI x SF = CR DI / RfD = HQ
Chemical                      Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.3
SMA 3 Risk Characterization

Industrial/Commercial Workers Exposed to Groundwater via Direct Contact
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Benzo(a)anthracene na x 6.00E-05 = na na / na = na
Benzene 4.06E+03 x 7.80E-06 = 3.17E-02 1.14E+04 / 3.00E+01 = 3.79E+02
Benz(a)pyrene na x 6.00E-04 = na na / 2.00E-03 = na
Benzo(b)fluoranthene na x 6.00E-05 = na na / na = na
Benzo(g,h,i)perylene na x na = na na / na = na
Benzo(k)fluoranthene na x 6.00E-06 = na na / na = na
Bis(2-ethylhexyl)phthalate na x 2.40E-06 = na na / na = na
Bromodichloromethane 1.71E-01 x 3.70E-05 = 6.34E-06 4.79E-01 / na = na
Carbazole na x na = na na / na = na
Chlorobenzene 1.97E+01 x na = na 5.51E+01 / 5.00E+01 = 1.10E+00
Chloroform 3.03E-01 x 2.30E-05 = 6.98E-06 8.49E-01 / 9.80E+01 = 8.67E-03
Chrysene na x 6.00E-07 = na na / na = na
Dibenz(a,h)anthracene na x 6.00E-04 = na na / na = na
Dibenzofuran na x na = na na / na = na
Dichlorobenzene, 1,4- 2.25E-01 x 1.10E-05 = 2.48E-06 6.30E-01 / 8.00E+02 = 7.88E-04
Dichloroethane, 1,2- 7.28E-02 x 2.60E-05 = 1.89E-06 2.04E-01 / 7.00E+00 = 2.91E-02
Dimethylphenol, 2,4- na x na = na na / na = na
Ethylbenzene 2.91E+00 x 2.50E-06 = 7.27E-06 8.14E+00 / 1.00E+03 = 8.14E-03
Fluorene 4.44E+00 x na = na 1.24E+01 / na = na
Indeno(1,2,3-cd)pyrene na x 6.00E-05 = na na / na = na
Isopropylbenzene 4.66E+00 x na = na 1.30E+01 / 4.00E+02 = 3.26E-02
Methylcyclohexane na x na = na na / na = na
Methylnaphthalene, 1- 1.27E+01 x na = na 3.56E+01 / na = na
Methylnaphthalene, 2- 1.72E+01 x na = na 4.81E+01 / na = na
Naphthalene 1.03E+03 x 3.40E-05 = 3.51E-02 2.89E+03 / 3.00E+00 = 9.64E+02
Phenanthrene na x na = na na / na = na
Pyrene 1.37E+00 x na = na 3.83E+00 / na = na
Toluene 5.49E+02 x na = na 1.54E+03 / 5.00E+03 = 3.07E-01
Trichlorobenzene, 1,2,4- 5.85E+00 x na = na 1.64E+01 / 2.00E+00 = 8.19E+00
Xylene, o- 1.90E+00 x na = na 5.32E+00 / 1.00E+02 = 5.32E-02
Xylenes, m, p- 5.23E+00 x na = na 1.46E+01 / 1.00E+02 = 1.46E-01
Xylenes 8.88E+00 x na = na 2.49E+01 / 1.00E+02 = 2.49E-01
Aluminum, Total na x na = na na / 5.00E+00 = na
Antimony, Total na x na = na na / 3.00E-01 = na
Arsenic, Total na x 4.30E-03 = na na / 1.50E-02 = na
Barium, Total na x na = na na / 5.00E-01 = na
Cadmium, Total na x 1.80E-03 = na na / 1.00E-02 = na
Chromium, Total na x 8.40E-02 = na na / 1.00E-01 = na
Cobalt, Total na x 9.00E-03 = na na / 6.00E-03 = na
Cyanide, Total na x na = na na / 8.00E-01 = na
Iron, Total na x na = na na / na = na
Manganese, Total na x na = na na / 5.00E-02 = na
Mercury 3.14E-02 x na = na 8.79E-02 / 3.00E-01 = 2.93E-01
Thallium, Total na x na = na na / na = na

Pathway total = 6.68E-02 Pathway total = 1.35E+03
Dermal Absorption of Chemicals in Groundwater While Showering
Acenaphthene 2.75E-04 x na = na 7.70E-04 / 6.00E-02 = 1.28E-02
Acenaphthylene na x na = na na / na = na
Benzo(a)anthracene 7.67E-04 x 1.00E-01 = 7.67E-05 2.15E-03 / na = na
Benzene 2.84E-02 x 5.50E-02 = 1.56E-03 7.96E-02 / 4.00E-03 = 1.99E+01
Benz(a)pyrene 1.13E-03 x 1.00E+00 = 1.13E-03 3.17E-03 / 3.00E-04 = 1.06E+01
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Equation DI x SF = CR DI / RfD = HQ
Chemical                      Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.3
SMA 3 Risk Characterization

Industrial/Commercial Workers Exposed to Groundwater via Direct Contact
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Benzo(b)fluoranthene 8.53E-04 x 1.00E-01 = 8.53E-05 2.39E-03 / na = na
Benzo(g,h,i)perylene na x na = na na / na = na
Benzo(k)fluoranthene 5.19E-04 x 1.00E-02 = 5.19E-06 1.45E-03 / na = na
Bis(2-ethylhexyl)phthalate 7.23E-03 x 1.40E-02 = 1.01E-04 2.02E-02 / 2.00E-02 = 1.01E+00
Bromodichloromethane 5.62E-07 x 6.20E-02 = 3.48E-08 1.57E-06 / 2.00E-02 = 7.87E-05
Carbazole na x na = na na / na = na
Chlorobenzene 3.25E-04 x na = na 9.11E-04 / 2.00E-02 = 4.55E-02
Chloroform 1.27E-06 x 3.10E-02 = 3.94E-08 3.56E-06 / 1.00E-02 = 3.56E-04
Chrysene 2.74E-04 x 1.00E-03 = 2.74E-07 7.67E-04 / na = na
Dibenz(a,h)anthracene 4.94E-04 x 1.00E+00 = 4.94E-04 1.38E-03 / na = na
Dibenzofuran 2.20E-04 x na = na 6.15E-04 / 1.00E-03 = 6.15E-01
Dichlorobenzene, 1,4- 7.47E-06 x 5.40E-03 = 4.03E-08 2.09E-05 / 7.00E-02 = 2.99E-04
Dichloroethane, 1,2- 1.64E-07 x 9.10E-02 = 1.49E-08 4.60E-07 / 6.00E-03 = 7.66E-05
Dimethylphenol, 2,4- 2.84E-05 x na = na 7.96E-05 / 2.00E-02 = 3.98E-03
Ethylbenzene 8.07E-05 x 1.10E-02 = 8.87E-07 2.26E-04 / 1.00E-01 = 2.26E-03
Fluorene 4.05E-04 x na = na 1.13E-03 / 4.00E-02 = 2.83E-02
Indeno(1,2,3-cd)pyrene 5.33E-03 x 1.00E-01 = 5.33E-04 1.49E-02 / na = na
Isopropylbenzene 2.58E-04 x na = na 7.21E-04 / 1.00E-01 = 7.21E-03
Methylcyclohexane na x na = na na / na = na
Methylnaphthalene, 1- 8.41E-04 x 2.90E-02 = 2.44E-05 2.35E-03 / 7.00E-02 = 3.36E-02
Methylnaphthalene, 2- 1.12E-03 x na = na 3.14E-03 / 4.00E-03 = 7.84E-01
Naphthalene 3.12E-02 x 1.20E-01 = 3.75E-03 8.74E-02 / 2.00E-02 = 4.37E+00
Phenanthrene na x na = na na / na = na
Pyrene 2.87E-04 x na = na 8.05E-04 / 3.00E-02 = 2.68E-02
Toluene 8.77E-03 x na = na 2.46E-02 / 8.00E-02 = 3.07E-01
Trichlorobenzene, 1,2,4- 3.77E-04 x 2.90E-02 = 1.09E-05 1.06E-03 / 1.00E-02 = 1.06E-01
Xylene, o- 5.04E-05 x na = na 1.41E-04 / 2.00E-01 = 7.05E-04
Xylenes, m, p- 1.57E-04 x na = na 4.39E-04 / 2.00E-01 = 2.19E-03
Xylenes 2.50E-04 x na = na 7.00E-04 / 2.00E-01 = 3.50E-03
Aluminum, Total 8.03E-05 x na = na 2.25E-04 / 1.00E+00 = 2.25E-04
Antimony, Total 3.20E-07 x na = na 8.95E-07 / 6.00E-05 = 1.49E-02
Arsenic, Total 2.79E-07 x 1.50E+00 = 4.19E-07 7.82E-07 / 3.00E-04 = 2.61E-03
Barium, Total 6.67E-06 x na = na 1.87E-05 / 1.40E-02 = 1.33E-03
Cadmium, Total 4.54E-08 x na = na 1.27E-07 / 2.50E-05 = 5.09E-03
Chromium, Total 3.76E-07 x 2.00E+01 = 7.52E-06 1.05E-06 / 7.50E-05 = 1.40E-02
Cobalt, Total 1.19E-07 x na = na 3.32E-07 / 3.00E-04 = 1.11E-03
Cyanide, Total 9.59E-07 x na = na 2.68E-06 / 6.00E-04 = 4.47E-03
Iron, Total 6.73E-04 x na = na 1.89E-03 / 7.00E-01 = 2.69E-03
Manganese, Total 1.94E-04 x na = na 5.42E-04 / 9.60E-04 = 5.65E-01
Mercury 3.51E-09 x na = na 9.84E-09 / na = na
Thallium, Total 1.60E-07 x na = na 4.47E-07 / 1.00E-05 = 4.47E-02

Pathway total = 7.78E-03 Pathway total = 3.85E+01
Chemical Totals
Acenaphthene      Sum of all pathways     = --      Sum of all pathways     = 1.70E-02
Acenaphthylene      Sum of all pathways     = --      Sum of all pathways     = --
Benzo(a)anthracene      Sum of all pathways     = 7.79E-05      Sum of all pathways     = --
Benzene      Sum of all pathways     = 3.80E-02      Sum of all pathways     = 4.60E+02
Benz(a)pyrene      Sum of all pathways     = 1.15E-03      Sum of all pathways     = 1.07E+01
Benzo(b)fluoranthene      Sum of all pathways     = 8.68E-05      Sum of all pathways     = --
Benzo(g,h,i)perylene      Sum of all pathways     = --      Sum of all pathways     = --
Benzo(k)fluoranthene      Sum of all pathways     = 5.24E-06      Sum of all pathways     = --
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Equation DI x SF = CR DI / RfD = HQ
Chemical                      Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.3
SMA 3 Risk Characterization

Industrial/Commercial Workers Exposed to Groundwater via Direct Contact
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Bis(2-ethylhexyl)phthalate      Sum of all pathways     = 1.01E-04      Sum of all pathways     = 1.01E+00
Bromodichloromethane      Sum of all pathways     = 6.60E-06      Sum of all pathways     = 5.92E-04
Carbazole      Sum of all pathways     = --      Sum of all pathways     = --
Chlorobenzene      Sum of all pathways     = --      Sum of all pathways     = 1.21E+00
Chloroform      Sum of all pathways     = 7.22E-06      Sum of all pathways     = 1.08E-02
Chrysene      Sum of all pathways     = 2.78E-07      Sum of all pathways     = --
Dibenz(a,h)anthracene      Sum of all pathways     = 4.99E-04      Sum of all pathways     = --
Dibenzofuran      Sum of all pathways     = --      Sum of all pathways     = 7.76E-01
Dichlorobenzene, 1,4-      Sum of all pathways     = 2.54E-06      Sum of all pathways     = 1.28E-03
Dichloroethane, 1,2-      Sum of all pathways     = 2.05E-06      Sum of all pathways     = 2.99E-02
Dimethylphenol, 2,4-      Sum of all pathways     = --      Sum of all pathways     = 1.65E-02
Ethylbenzene      Sum of all pathways     = 8.84E-06      Sum of all pathways     = 1.21E-02
Fluorene      Sum of all pathways     = --      Sum of all pathways     = 3.50E-02
Indeno(1,2,3-cd)pyrene      Sum of all pathways     = 5.36E-04      Sum of all pathways     = --
Isopropylbenzene      Sum of all pathways     = --      Sum of all pathways     = 4.26E-02
Methylcyclohexane      Sum of all pathways     = --      Sum of all pathways     = --
Methylnaphthalene, 1-      Sum of all pathways     = 3.23E-05      Sum of all pathways     = 4.45E-02
Methylnaphthalene, 2-      Sum of all pathways     = --      Sum of all pathways     = 1.04E+00
Naphthalene      Sum of all pathways     = 4.15E-02      Sum of all pathways     = 9.71E+02
Phenanthrene      Sum of all pathways     = --      Sum of all pathways     = --
Pyrene      Sum of all pathways     = --      Sum of all pathways     = 2.96E-02
Toluene      Sum of all pathways     = --      Sum of all pathways     = 1.03E+00
Trichlorobenzene, 1,2,4-      Sum of all pathways     = 1.46E-05      Sum of all pathways     = 8.33E+00
Xylene, o-      Sum of all pathways     = --      Sum of all pathways     = 5.45E-02
Xylenes, m, p-      Sum of all pathways     = --      Sum of all pathways     = 1.50E-01
Xylenes      Sum of all pathways     = --      Sum of all pathways     = 2.55E-01
Aluminum, Total      Sum of all pathways     = --      Sum of all pathways     = 2.17E-02
Antimony, Total      Sum of all pathways     = --      Sum of all pathways     = 2.29E-01
Arsenic, Total      Sum of all pathways     = 4.05E-05      Sum of all pathways     = 2.52E-01
Barium, Total      Sum of all pathways     = --      Sum of all pathways     = 1.03E-02
Cadmium, Total      Sum of all pathways     = --      Sum of all pathways     = 2.94E-02
Chromium, Total      Sum of all pathways     = 1.65E-05      Sum of all pathways     = 3.08E-02
Cobalt, Total      Sum of all pathways     = --      Sum of all pathways     = 2.66E-01
Cyanide, Total      Sum of all pathways     = --      Sum of all pathways     = 4.33E-01
Iron, Total      Sum of all pathways     = --      Sum of all pathways     = 2.60E-01
Manganese, Total      Sum of all pathways     = --      Sum of all pathways     = 2.73E+00
Mercury      Sum of all pathways     = --      Sum of all pathways     = 2.93E-01
Thallium, Total      Sum of all pathways     = --      Sum of all pathways     = 4.33E+00

Total Carcinogenic Risk Total Noncarcinogenic Risk
All Pathways and Chemicals = 8.21E-02 All Pathways and Chemicals = 1.46E+03

DI = Chemical Daily Intake Bold results indicates risk exceeding 1E-06 for carcinogens
SF = Cancer Slope Factor and greater than 1 for noncancer hazards.
CR = Cancer Risk
RfD = Noncancer Reference Dose
HQ = Hazard Quotient For the inhalation pathway, the Inhalation Unit Risk, with

na or "--" = not applicable; intake could not be calculated or units of ( g/m3)-1, is used as the toxicity value.
     toxicity factors are not available
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Chemical CAS Number

Site
Groundwater
Concentration

Cgw

(µg/L)

Site
Indoor Air

Concentration
Ci,a

(µg/m3)

VI
Carcinogenic

Risk
CDI

(µg/m3)

VI
Carcinogenic

Risk
CR

VI
Hazard

CDI
(mg/m3)

VI
Hazard

HQ
IUR

(ug/m3)-1
IUR
Ref

Chronic
RfC

(mg/m3)
RfC
Ref

Temperature ( )
for Groundwater

Vapor
Concentration Mutagen?

Benzene 71-43-2 6.18E+00 1.40E+00 1.14E-01 8.92E-07 3.20E-04 1.07E-02 7.80E-06 I 3.00E-02 IRIS 2.50E+01 No
Chlorobenzene 108-90-7 1.38E+02 1.75E+01 1.43E+00 -- 4.00E-03 8.00E-02 -- 5.00E-02 PPRTV 2.50E+01 No
Chloroform 67-66-3 2.13E+00 3.19E-01 2.60E-02 5.98E-07 7.28E-05 7.46E-04 2.30E-05 I 9.77E-02 ATSDR 2.50E+01 No
Ethylbenzene 100-41-4 2.04E+01 6.56E+00 5.35E-01 1.34E-06 1.50E-03 1.50E-03 2.50E-06 C 1.00E+00 IRIS 2.50E+01 No
Naphthalene 91-20-3 7.24E+03 1.30E+02 1.06E+01 3.61E-04 2.97E-02 9.90E+00 3.40E-05 C 3.00E-03 IRIS 2.50E+01 No
Toluene 108-88-3 3.84E+03 1.04E+03 8.51E+01 -- 2.38E-01 4.76E-02 -- 5.00E+00 IRIS 2.50E+01 No
Trichlorobenzene, 1,2,4- 120-82-1 4.10E+01 2.38E+00 1.94E-01 -- 5.43E-04 2.72E-01 -- 2.00E-03 PPRTV 2.50E+01 No
Xylenes 1330-20-7 6.22E+01 1.69E+01 1.38E+00 -- 3.85E-03 3.85E-02 -- 1.00E-01 IRIS 2.50E+01 No
*Sum                                -         -         - 3.64E-04         - 1.04E+01         -         -         -

*Printout of USEPA's Vapor Intrusion Screening Level Calculator (USEPA, 2021b)

Commercial Vapor Intrusion Risk Results*
Table B3.4

Bluestone Coke, Birmingham, AL



Equation DI x SF = CR DI / RfD = HQ
Chemicals                   Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Acenaphthene 1.03E-01 x na = na 7.22E+00 / na = na
Acenaphthylene na x na = na na / na = na
Benzo(a)anthracene 1.11E-03 x 6.00E-05 = 6.64E-08 7.74E-02 / na = na
Benzene 2.32E+02 x 7.80E-06 = 1.81E-03 1.62E+04 / 3.00E+01 = 5.41E+02
Benz(a)pyrene 4.07E-05 x 6.00E-04 = 2.44E-08 2.85E-03 / 2.00E-03 = 1.42E+00
Benzo(b)fluoranthene 7.52E-05 x 6.00E-05 = 4.51E-09 5.26E-03 / na = na
Benzo(g,h,i)perylene na x na = na na / na = na
Benzo(k)fluoranthene 2.45E-05 x 6.00E-06 = 1.47E-10 1.72E-03 / na = na
Bis(2-ethylhexyl)phthalate 3.43E-05 x 2.40E-06 = 8.22E-11 2.40E-03 / na = na
Bromodichloromethane 1.21E-02 x 3.70E-05 = 4.49E-07 8.50E-01 / 1.00E+02 = 8.50E-03
Carbazole na x na = na na / na = na
Chlorobenzene 1.27E+00 x na = na 8.89E+01 / 5.00E+02 = 1.78E-01
Chloroform 2.04E-02 x 2.30E-05 = 4.69E-07 1.43E+00 / 2.44E+02 = 5.85E-03
Chrysene 1.61E-04 x 6.00E-07 = 9.67E-11 1.13E-02 / na = na
Dibenz(a,h)anthracene 5.58E-06 x 6.00E-04 = 3.35E-09 3.91E-04 / na = na
Dibenzofuran 7.30E-02 x na = na 5.11E+00 / na = na
Dichlorobenzene, 1,4- 1.57E-02 x 1.10E-05 = 1.72E-07 1.10E+00 / 1.20E+03 = 9.14E-04
Dichloroethane, 1,2- 3.89E-03 x 2.60E-05 = 1.01E-07 2.72E-01 / 7.00E+01 = 3.89E-03
Dimethylphenol, 2,4- 8.17E-04 x na = na 5.72E-02 / na = na
Ethylbenzene 1.94E-01 x 2.50E-06 = 4.85E-07 1.36E+01 / 9.00E+03 = 1.51E-03
Fluorene 6.59E-02 x na = na 4.61E+00 / na = na
Indeno(1,2,3-cd)pyrene 6.96E-05 x 6.00E-05 = 4.18E-09 4.87E-03 / na = na
Isopropylbenzene 3.34E-01 x na = na 2.34E+01 / 9.00E+01 = 2.60E-01
Methylcyclohexane na x na = na na / na = na
Methylnaphthalene, 1- 5.69E-01 x na = na 3.98E+01 / na = na
Methylnaphthalene, 2- 7.72E-01 x na = na 5.40E+01 / na = na
Naphthalene 4.25E+01 x 3.40E-05 = 1.45E-03 2.98E+03 / 3.00E+00 = 9.92E+02
Phenanthrene na x na = na na / na = na
Pyrene 2.77E-03 x na = na 1.94E-01 / na = na
Toluene 3.41E+01 x na = na 2.38E+03 / 5.00E+03 = 4.77E-01
Trichlorobenzene, 1,2,4- 3.93E-01 x na = na 2.75E+01 / 2.00E+01 = 1.37E+00
Xylene, o- 1.24E-01 x na = na 8.70E+00 / 1.00E+02 = 8.70E-02
Xylenes, m, p- 3.48E-01 x na = na 2.44E+01 / 1.00E+02 = 2.44E-01
Xylenes 5.89E-01 x na = na 4.12E+01 / 4.00E+02 = 1.03E-01
Aluminum, Total na x na = na na / 5.00E+00 = na
Antimony, Total na x na = na na / 1.00E+00 = na
Arsenic, Total na x 4.30E-03 = na na / 1.50E-02 = na
Barium, Total na x na = na na / 5.00E+00 = na
Cadmium, Total na x 1.80E-03 = na na / 1.00E-02 = na
Chromium, Total na x 8.40E-02 = na na / 3.00E-01 = na
Cobalt, Total na x 9.00E-03 = na na / 2.00E-02 = na
Cyanide, Total 7.43E-02 x na = na 5.20E+00 / 8.00E-01 = 6.50E+00
Iron, Total na x na = na na / na = na
Manganese, Total na x na = na na / 5.00E-02 = na
Mercury 2.82E-03 x na = na 1.97E-01 / 3.00E-01 = 6.58E-01
Thallium, Total na x na = na na / na = na

Pathway total = 3.26E-03 Pathway total = 1.54E+03
Dermal Absorption of Chemicals in Groundwater While Trenching
Acenaphthene 1.07E-06 x na = na 7.47E-05 / 2.00E-01 = 3.73E-04
Acenaphthylene na x na = na na / na = na

Table B3.5
SMA 3 Risk Characterization

Future Construction Workers Exposed to Groundwater
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects
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Equation DI x SF = CR DI / RfD = HQ
Chemicals                   Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.5
SMA 3 Risk Characterization

Future Construction Workers Exposed to Groundwater
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Benzo(a)anthracene 9.22E-07 x 1.00E-01 = 9.22E-08 6.45E-05 / na = na
Benzene 1.80E-04 x 5.50E-02 = 9.90E-06 1.26E-02 / 1.00E-02 = 1.26E+00
Benz(a)pyrene 1.17E-06 x 1.00E+00 = 1.17E-06 8.17E-05 / 3.00E-04 = 2.72E-01
Benzo(b)fluoranthene 8.78E-07 x 1.00E-01 = 8.78E-08 6.14E-05 / na = na
Benzo(g,h,i)perylene na x na = na na / na = na
Benzo(k)fluoranthene 5.34E-07 x 1.00E-02 = 5.34E-09 3.74E-05 / na = na
Bis(2-ethylhexyl)phthalate 3.05E-06 x 1.40E-02 = 4.27E-08 2.14E-04 / 2.00E-02 = 1.07E-02
Bromodichloromethane 2.05E-09 x 6.20E-02 = 1.27E-10 1.43E-07 / 2.00E-02 = 7.17E-06
Carbazole na x na = na na / na = na
Chlorobenzene 1.65E-06 x na = na 1.15E-04 / 7.00E-02 = 1.65E-03
Chloroform 6.16E-09 x 3.10E-02 = 1.91E-10 4.31E-07 / 1.00E-01 = 4.31E-06
Chrysene 3.29E-07 x 1.00E-03 = 3.29E-10 2.31E-05 / na = na
Dibenz(a,h)anthracene 7.17E-07 x 1.00E+00 = 7.17E-07 5.02E-05 / na = na
Dibenzofuran 7.78E-07 x na = na 5.45E-05 / 1.00E-03 = 5.45E-02
Dichlorobenzene, 1,4- 3.03E-08 x 5.40E-03 = 1.64E-10 2.12E-06 / 7.00E-02 = 3.03E-05
Dichloroethane, 1,2- 9.09E-10 x 9.10E-02 = 8.27E-11 6.36E-08 / 2.00E-02 = 3.18E-06
Dimethylphenol, 2,4- 1.35E-07 x na = na 9.48E-06 / 5.00E-02 = 1.90E-04
Ethylbenzene 4.26E-07 x 1.10E-02 = 4.69E-09 2.98E-05 / 5.00E-02 = 5.97E-04
Fluorene 1.45E-06 x na = na 1.02E-04 / 4.00E-01 = 2.54E-04
Indeno(1,2,3-cd)pyrene 4.70E-06 x 1.00E-01 = 4.70E-07 3.29E-04 / na = na
Isopropylbenzene 1.24E-06 x na = na 8.70E-05 / 4.00E-01 = 2.18E-04
Methylcyclohexane na x na = na na / na = na
Methylnaphthalene, 1- 3.52E-06 x 2.90E-02 = 1.02E-07 2.46E-04 / 7.00E-02 = 3.52E-03
Methylnaphthalene, 2- 4.69E-06 x na = na 3.28E-04 / 4.00E-03 = 8.21E-02
Naphthalene 1.43E-04 x 1.20E-01 = 1.72E-05 1.00E-02 / 6.00E-01 = 1.67E-02
Phenanthrene na x na = na na / na = na
Pyrene 8.17E-07 x na = na 5.72E-05 / 3.00E-01 = 1.91E-04
Toluene 5.07E-05 x na = na 3.55E-03 / 8.00E-01 = 4.44E-03
Trichlorobenzene, 1,2,4- 1.23E-06 x 2.90E-02 = 3.56E-08 8.59E-05 / 9.00E-02 = 9.54E-04
Xylene, o- 2.66E-07 x na = na 1.86E-05 / 2.00E-01 = 9.31E-05
Xylenes, m, p- 8.28E-07 x na = na 5.79E-05 / 2.00E-01 = 2.90E-04
Xylenes 1.32E-06 x na = na 9.25E-05 / 4.00E-01 = 2.31E-04
Aluminum, Total 1.07E-06 x na = na 7.46E-05 / 1.00E+00 = 7.46E-05
Antimony, Total 4.24E-09 x na = na 2.97E-07 / 6.00E-05 = 4.95E-03
Arsenic, Total 3.71E-09 x 1.50E+00 = 5.57E-09 2.60E-07 / 3.00E-04 = 8.66E-04
Barium, Total 8.86E-08 x na = na 6.20E-06 / 1.40E-02 = 4.43E-04
Cadmium, Total 6.03E-10 x na = na 4.22E-08 / 2.50E-05 = 1.69E-03
Chromium, Total 5.00E-09 x 2.00E+01 = 9.99E-08 3.50E-07 / 1.25E-04 = 2.80E-03
Cobalt, Total 1.57E-09 x na = na 1.10E-07 / 3.00E-03 = 3.67E-05
Cyanide, Total 1.27E-08 x na = na 8.91E-07 / 2.00E-02 = 4.46E-05
Iron, Total 8.94E-06 x na = na 6.26E-04 / 7.00E-01 = 8.94E-04
Manganese, Total 2.57E-06 x na = na 1.80E-04 / 9.60E-04 = 1.88E-01
Mercury 9.34E-11 x na = na 6.54E-09 / na = na
Thallium, Total 2.12E-09 x na = na 1.49E-07 / 4.00E-05 = 3.71E-03

Pathway total = 2.99E-05 Pathway total = 1.91E+00
Chemical Totals
Acenaphthene      Sum of all pathways     = --      Sum of all pathways     = 3.73E-04
Acenaphthylene      Sum of all pathways     = --      Sum of all pathways     = --
Benzo(a)anthracene      Sum of all pathways     = 1.59E-07      Sum of all pathways     = --
Benzene      Sum of all pathways     = 1.82E-03      Sum of all pathways     = 5.42E+02
Benz(a)pyrene      Sum of all pathways     = 1.19E-06      Sum of all pathways     = 1.70E+00
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Equation DI x SF = CR DI / RfD = HQ
Chemicals                   Units mg/kg-day (mg/kg-day)-1 unitless mg/kg-day mg/kg-day unitless

Table B3.5
SMA 3 Risk Characterization

Future Construction Workers Exposed to Groundwater
Bluestone Coke, Birnmingham, AL

Carcinogenic Effects Noncarcinogenic Effects

Benzo(b)fluoranthene      Sum of all pathways     = 9.23E-08      Sum of all pathways     = --
Benzo(g,h,i)perylene      Sum of all pathways     = --      Sum of all pathways     = --
Benzo(k)fluoranthene      Sum of all pathways     = 5.49E-09      Sum of all pathways     = --
Bis(2-ethylhexyl)phthalate      Sum of all pathways     = 4.28E-08      Sum of all pathways     = 1.07E-02
Bromodichloromethane      Sum of all pathways     = 4.49E-07      Sum of all pathways     = 8.51E-03
Carbazole      Sum of all pathways     = --      Sum of all pathways     = --
Chlorobenzene      Sum of all pathways     = --      Sum of all pathways     = 1.79E-01
Chloroform      Sum of all pathways     = 4.69E-07      Sum of all pathways     = 5.85E-03
Chrysene      Sum of all pathways     = 4.26E-10      Sum of all pathways     = --
Dibenz(a,h)anthracene      Sum of all pathways     = 7.20E-07      Sum of all pathways     = --
Dibenzofuran      Sum of all pathways     = --      Sum of all pathways     = 5.45E-02
Dichlorobenzene, 1,4-      Sum of all pathways     = 1.72E-07      Sum of all pathways     = 9.44E-04
Dichloroethane, 1,2-      Sum of all pathways     = 1.01E-07      Sum of all pathways     = 3.89E-03
Dimethylphenol, 2,4-      Sum of all pathways     = --      Sum of all pathways     = 1.90E-04
Ethylbenzene      Sum of all pathways     = 4.90E-07      Sum of all pathways     = 2.11E-03
Fluorene      Sum of all pathways     = --      Sum of all pathways     = 2.54E-04
Indeno(1,2,3-cd)pyrene      Sum of all pathways     = 4.74E-07      Sum of all pathways     = --
Isopropylbenzene      Sum of all pathways     = --      Sum of all pathways     = 2.60E-01
Methylcyclohexane      Sum of all pathways     = --      Sum of all pathways     = --
Methylnaphthalene, 1-      Sum of all pathways     = 1.02E-07      Sum of all pathways     = 3.52E-03
Methylnaphthalene, 2-      Sum of all pathways     = --      Sum of all pathways     = 8.21E-02
Naphthalene      Sum of all pathways     = 1.46E-03      Sum of all pathways     = 9.92E+02
Phenanthrene      Sum of all pathways     = --      Sum of all pathways     = --
Pyrene      Sum of all pathways     = --      Sum of all pathways     = 1.91E-04
Toluene      Sum of all pathways     = --      Sum of all pathways     = 4.81E-01
Trichlorobenzene, 1,2,4-      Sum of all pathways     = 3.56E-08      Sum of all pathways     = 1.38E+00
Xylene, o-      Sum of all pathways     = --      Sum of all pathways     = 8.71E-02
Xylenes, m, p-      Sum of all pathways     = --      Sum of all pathways     = 2.44E-01
Xylenes      Sum of all pathways     = --      Sum of all pathways     = 1.03E-01
Aluminum, Total      Sum of all pathways     = --      Sum of all pathways     = 7.46E-05
Antimony, Total      Sum of all pathways     = --      Sum of all pathways     = 4.95E-03
Arsenic, Total      Sum of all pathways     = 5.57E-09      Sum of all pathways     = 8.66E-04
Barium, Total      Sum of all pathways     = --      Sum of all pathways     = 4.43E-04
Cadmium, Total      Sum of all pathways     = --      Sum of all pathways     = 1.69E-03
Chromium, Total      Sum of all pathways     = 9.99E-08      Sum of all pathways     = 2.80E-03
Cobalt, Total      Sum of all pathways     = --      Sum of all pathways     = 3.67E-05
Cyanide, Total      Sum of all pathways     = --      Sum of all pathways     = 6.50E+00
Iron, Total      Sum of all pathways     = --      Sum of all pathways     = 8.94E-04
Manganese, Total      Sum of all pathways     = --      Sum of all pathways     = 1.88E-01
Mercury      Sum of all pathways     = --      Sum of all pathways     = 6.58E-01
Thallium, Total      Sum of all pathways     = --      Sum of all pathways     = 3.71E-03

Total Carcinogenic Risk Total Noncarcinogenic Risk
All Pathways and Chemicals = 3.29E-03 All Pathways and Chemicals = 1.55E+03

DI = Chemical Daily Intake Bold results indicates risk exceeding 1E-06 for carcinogens
SF = Cancer Slope Factor and greater than 1 for noncancer hazards.
CR = Cancer Risk
RfD = Noncancer Reference Dose
HQ = Hazard Quotient For the inhalation pathway, the Inhalation Unit Risk, with

na or "--" = not applicable; intake could not be calculated or units of ( g/m3)-1, is used as the toxicity value.
     toxicity factors are not available

Page 3 of 3


	2021-10-21 - RTC on CMS SMA 3 Rev 1.0
	2021-10-21 - CMS Report SMA 3 (Revision 1.0)

